
AN INTRODUCTION TO THE CLASSIFICATION 
OF ANIMALS 





AN INTRODUCTION 


TO THE 


CUSSIFICATION OF ANIIALS 


THOMAS HENRY HUXLEY, LL.D., F.R.S., 

raorusoB of natubal hutobt im the botal bchool of hikes, and pbofessob of oomfabativb 

ANATOMY AND FHTSIOIXKIT TO THE BOTAI. COLLEGE OF SDBOBONS OF ENGLAND. 



LONDON: 

JOHN CHURCHILL & SONS, NEW BURLINGTON STREET. 


MDOOCLZllC. 



lONixm : 

rRIMTED BT W. CIXIWRS ANI> BTAHTORD 8TKKET 

AKD CHABtNti CB08B. 



PREFACE. 


The present work contains the substance of the six Lectures 
on the Classification of Animals, which form tlio first part of 
ray “Lectures on the Elements of Comparative Anatomy,” 
published in 1864. 

That book has long been out of print, and I have not had 
leisure to prepare a new edition of it; but I republish the 
portion which relates to Classification, because I am told, on 
good authority, that it is likely to be useful as a text book 
to lecturers, and students attending lectures, on Comparative 
Anatomy and Zoology. 

I have removed from the original , text whatever discussions 
seemed out of place in a text book, and 1 have added defini- 
tions of all the raost'important orders of the Animal Kingdom. 

My best thanks are due to my friend Dr. Pye-Smith for 
the trouble which he has taken in seeing the work through 
the press, and in preparing the Glossary. 


London, Maucu, 1^69. 
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AN INTRODUCTION 


CLASSIFICATION OF ANIMALS. 


CHAriEU I. 

ON CLASSIFICATION IN GENERAL. 

By the classification of any series of objects, is meant the actual, 
or ideal, arrangement together of those which are like and the 
separation of those which are unlike ; the purpose of this 
arrangement being to facilitate the operations of the mind in 
clearly conceiving and retaining in the memory, the characters 
of the objects in question. 

Thus, there may bo as many classifications of any series of 
natural, or of other, bodies, as they have [)roperties or relations 
to one another, or to other things ; or, again, as there are 
modes in which they may be regarded by the mind : so that, 
with respect to such classification as we are here concerned with, 
it might bo more proper to speak of a classification than of the 
classification of the animal kingdom. 

The preparations in the galleries of the Museum of the Boyal 
College of Surgeons are arranged upon the basis laid down by 
John Hunter, whose original collection was intended to illustrate 
the modifications wliich the. great physiological apparatuses 
undergo in the animal series : the classification which he adopted 
is a classification by organs, and, as such, it is admirably 
adapted to the needs of the comparative physiologist. 

But the student of the geographical distribution of animals, 
regarding animated creatures, not as diverse modifications of one 
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great physiological mechanism, bnt in relation to one another, 
to plants and to telluric conditions, would, with equal propriety, 
dispose of the contents of a Zoological Museum in a totally 
different manner ; basing his classification, not upon organs, but 
on distributional assemblages. And the pure palaeontologist, 
looking at life from yet another distinct point of view, would 
associate animal remains together on neither of these principles, 
but would group them according to the order of their succession 
in Time. 

Again, that classification which I propose to discuss in the 
present pages, is different from all of these : it is meant to 
subserve the comprehension and recollection of the facts of 
animal structure ; and, as such, it is based upon purely structural 
considerations, and may be designated a Morphological Classifi- 
cation. I shall have to consider animals, not as physiological 
apparatuses merely ; not as related to other forms of life and to 
climatal conditions ; not as successive tenants of the earth ; but 
as fabrics, each of which is built upon a certain plan. 

It is possible and conceivable that every animal should have 
been constructed upon a plan of its own, having no resemblance 
whatsoever to the plan of any other animal. For any reason we 
can discover to the contrary, that combination of natural forces 
which we term Life might have resulted from, or been mani- 
fested by, a series of infinitely diverse structures : nor, indeed, 
would anything in the nature of the case lead us to suspect a 
community of organization between animals, so different in habit 
and in appearance, as a porpoise and a gazelle, an eagle and a 
crocodile, or a butterfly and a lobster. Had animals been thus 
independently organised, each working out its life by a 
mechanism peculiar to itself, such a classification as that which is 
now under contemplation would obviously be impossible ; a 
morphological, or structural, classification plainly implying 
morphological or structural resemblances in the things clarified. 

As a matter of fact, however, no such mutual independence 
of animal forms exists in nature. On the contrary, the different 
members of the animal kingdom, from the highest to the lowest, 
are marvellously connected. Every animal has a something 
in common with all its fellows: much, with many of them; 
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more, with a few ; and, usually, so much with several, that it 
differs but little from them. 

Now, a morphologic^ classification is a statement of these 
gradations of likeness which are observable in animal structures, 
and its objects and uses are manifold. In the first place, it 
strives to throw our knowledge of the facts wJiich underlie, and 
are the cause of, the similarities discerned into the fewest pos- 
sible general propositions, subordinated to one another, accoi-ding 
to their greater or less degree of generality ; and in this way 
it answers the purpose of a memoria teohnioa, without which the 
mind would be incompetent to grasp and retain the multifarious 
details of anatomical science. 

But there is a second and even more important aspect of 
morphological classification. Every group in that .classification 
is such in virtue of certain structural characters, which are not 
only common to the members of the group, but distinguish it 
from all others ; and the statement of these constitutes the defi- 
nition of the group. 

Thus, among animals with vertebrm, the class Mammalia is 
definable as those which have two occipital condyles, with a 
well-ossified basi-occipital ; which have each ramus of the man- 
dible composed of a single piece of bone and articulated with 
the squamosal element of the skull ; and which possess mammas 
and non-nucleated red blood-corpuscles. 

But this statement of the characters of the class Mammalia 
is something more than an arbitrary definition. It does not 
merely mean that naturalists agree to call such and such animals 
Mammalia : but it expresses, firstly, a generalization based upon, 
and constantly verified by, very wide experience ; and, secondly, 
a belief arising out of that generalization. The generalization is 
that, in nature, the structures mentioned are always found asso- 
ciated together : the belief is, that they always have been, and 
always will be, found so associated. In other words, the defini- 
tion of the class Mammalia is a statement of a law of correlation, 
or coexistence, of animal structures, from which the most im- 
portant conclusions are deducible. 

For example : if a fragmentary fossil be discovered, consisting 
of no more than a ramus of a mandible and that part of the 
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skull with which it articulated, a knowledge of this law may 
enable the palaeontologist to affirm, with great confidence, that 
the animal of which it formed a part suckled its young and had 
non-nucleated red blood- corpuscles ; and to predict that, should 
the back part of that skull be discovered, it will exhibit two 
occipital condyles and a well-ossified basi-occipital bone. 

Deductions of this kind, such as that made by Cuvier in the 
famous case of the fossil opossum of Montmartre, have often 
been verified, and are well calculated to impress the vulgar 
imagination ; so tliat they have taken rank as the triumphs of 
the anatomist. But it should carefully be borne in mind, that^ 
like all merely empirical laws, which rest upon a comparatively 
narrow observational basis, the reasoning from them may at any 
time break down. If Cuvier, for example, had had to do with a 
fossil Thylacmus instead of a fossil Opossum, he would not have 
ibund the marsupial bones, though the inflected angle of the jaw 
would have been obvious enough. And so, though, practically, 
any one who met with a characteristically mammalian jaw 
would justified in expecting to find the characteristically 
mammalian occiput associated with it; yet, he would be a bold 
man indeed, who should strictly assert the belief which is implied 
in this expectation, viz., that at no period of the world's history 
did animals exist which combined a mammalian occiput with a 
reptilian jaw, or v^e versa. 

Not that it is to be supposed that the correlations of struc- 
ture expressed by these empirical laws are in any sense acci- 
dental, or other than links in the general chain of causes and • 
effects. Doubtless there is some very good reason why the 
cha^teristic occiput of a Mammal should be found in association 
with inammsB and non-nucleated blood-corpuscles ; but it is one 
thing to admit the causal connection of these phenomena with 
one another, or with some third ; and another thing to affirm 
that we have any knowledge of that causal connexion, or that 
physiological science, in its present state, furnishes us with any 
means of reasoning from the one to the other. 

Cuvier, the more servile of whose imitators are fond of 
citing his mistaken doctrines as to the nature of the m^hods of 
palaeontology against the conclusions of logic and of common 
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sense, has put this so strongly that I cannot refrain from 
quoting his words.* 

**But I doubt if any one would haye divined, if untaaght by 
observation, that all ruminants have the foot cleft, and that 
they alone have it I doubt if any one would have divined 
that there are frontal horns only in this class: that those 
among them which have sharp canines for the most part lack 
horns. 

‘‘ However, since these relations are constant, they must 
have some sufficient cause ; but since we are ignorant of it, we 
must make good the defect of the theory by means of observa- 
tion : it enables us to establish empirical laws, which become 
almost as certain as rational laws, when they rest on sufficiently 
repeated observations; so that now, whoso sees merely the 
print of a cleft foot may conclude that the animal which left 
this impression ruminated, and this conclusion is as certain as 
any other in physics or morals. This footprint alone, then, 
yields to him who observes it, the form of the teeth, the form 
of the jaws, the form of tlie vertebne, the form of all the bones 
of the legs, of the thighs, of the shoulders, and of the pelvis of 
tlie animal which has passed by ; it is a surer mark than all 
those of Zadiff.*’ 


OtitienienB foHsilos,’ oil. 4'""^ toiuo I*", j). 184. 
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CHAPTEE II. 

THB CHABACTEBS OP THE CLASSES OP THE INVBBTEBRATA. 

Mobphologioal classificatioD, then, acquires its highest import- 
anee as a statement of the empirical laws of the correlation of 
structures ; and its value is in proportion to the precision and 
the comprehensiveness with which those laws, the definitions of 
the groups adopted in the classification, are stated. So that, 
in attempting to arrive at clear notions concerning classification, 
the first point is to ascertain whether any, and if so, what 
groups of animals can be established, the members of which 
shall be at once united together and separated from those of all 
other groups, by well-defined structural charactei’s. And it 
will be most convenient to commence the inquiry with groups 
of that value which are commonly called Classes, and which 
are enumerated in an order and arrangement, the purpose 
of which will appear more fully by and by, in the following 
table. 

TABLE OF THE CLASSES OF THB ANIMAL KINGDOM. 

The Limtts of the Four Cuvierian Suh-Kmgdoim are indicated 
by Brcuiketa and Dotted Line, 

Kadiata. 


Oregarinida, Infusoria. 
Bhizopoda, 

Badiolaria. 


Bgdrozoa, 

Actinozoa. 

Pdyzoa. 


Scoledda (?). 
Echinodermata, 

; Chastognatha,] 

■ Annelida, 

; Crustacea, [aeticulata, 
Araehnida, 

Myriapoda, 

Inseeta, 



Brachiopoda, 

Ascidioida, 
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Fisees, 

Lamelltbranchiata. Amphibia. 

Mollusca. jieptUia . }■ Vbrtbbrata. 

Branchiogaateropoda. Aves. 

Pvlmopatteropoda. Mammalia, j 

Fieropoda. 

Cephalopoda. 

It is not necessary for my purpose that the groups which 
are named on the preceding table should be absolutely and 
precisely equivalent one to another ; it is sufficient that the sum 
of them is the whole of the Animal Kingdom, and that each of 
them embraces one of the principal types, or plans of moflifica- 
tion, of animal form ; so that, if we have a precise knowledge of 
that which constitutes the typical structure of each of these 
groups, we shall have, so far, an exhaustive knowledge of the 
Animal Kingdom. 

I shall endeavour, then, to define— or, where definition is 
not yet possible, to desciibe a typical example of — these various 
groups. Subsequently, I shall take up some of those further 
classificatory questions which are open to discussion ; inquiring 
how far we can group these classes into larger assemblages, with 
definite and constant characters ; anfl, on the other liand, how 
far the classe? can be broken up into well-defined sub-classes 
and orders. But the essential matter, in the first place, is 
to be quite clear about the different classes, and to have a 
distinct knowledge of all the sharply-definable modifications 
of animal structure which are discernible in the animal 
kingdom. 


I. The Gregarinida. 

These are among the simplest animal forms of which we 
have any knowledge. They are the inhabitants of the bodies, 
for the most part, of invertebrate, but also of vertebrate, 
animals ; and they are commonly to be found in abundance in 
the alimentary canal of the common cockroach , and in eartih- 
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worms. They are all miciDScapiC) and any one of them, leaving 
minor modilications aside, may be said to consist of a sac, com- 
posed of a -.jnoxe ,or le^ steuctur^ess*„not_jsreTy_ 
membrane, containing, a soft. aemiAuid, substance, in the iftidst, 
or at one end, of which lies a delicate jesicle ; in the„centra.of 
the latter is a more solid jgarticle. (Fig. 1, A.) No doubt 
many persons will be struck with the close resemblance of the 
structure of this body to that ^\hich is possessed by an ovum. 


Fig. 1. 



Fig. 1,— A, Qregarina of the earthworm (after Lieberkllhn) ; B, encysted; C, D, with 
the contents divided into psuedo-navioellee; E, F, free pMudo-navicellse ; G, H, fi-ee 
amcebifonn contents of the latter. 

You might take the more solid particle to be the representative 
of the germinal spot, and the vesicle to be that of the 
germinal vesicle ; while the semi-fluid sarcodic contents might 
be regarded as the yelk, and the outer membrane as the 
vitelline membrane. I do not wish to strain the analogy too 
far, but it is, at any rate, interesting to observe this close 
morphological resemblance between one ofjt]^ lowest of anim als 
wid„ th at fo rm in which all the h igher animals commence their 
It is a very remarkable cbaracteris^c of this group, 
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that there is no separation of the body into distinct layers, or 
into cellular elements. The Oregarinida are devoid of mouth s 
and of digesti ve apparafus j living entirely by imbibition of the 
juices of the animal in whose intestine, or body cavity, they are 
contained. The most conspicuous of those phenomena, wliich 
^^e ordinarily regard as signs of life, which they exhibit, is a 
certain contraction and expansion along„_different, djiimntfirs, 
the body slowly narrowing, and then lengthening, in various 
directions. Under certain circumstances (though the conditions 
of the change are not thoroughly understood), it is observed that 
one of these Oregarinida^ whatever its form may be, will convert 
itself into a well-rounded sac, the outer membrane ceasing to 
exhibit any longer those movements of which I spoke, and becom- 
ing coated by a structureless investment, or "cyst” (Fig. 1, U). 

The substance of the body contained within the cyst next 
undergoes a singular change. The central nucleus and the 
vesicle disappear ; after a time, the mass breaks up into a series 
of rounded portions and, then, each of those rounded portions 
elongates, and, becoming slightly pointed at each end, consti- 
tutes a little body which has been called a " PsevdiMMVioeUa^** 
from its resemblance to the Diatomaceous Navioula or Naviodla 
(Fig. 1, G, D). Next, the capsule bursts and the P$eud(h 
navicdlm (Fig. 1, E, F) are scattered and passed out of the 
body of the animal which they inhabit Though, of course, a 
great number of them are destroyed, some, at any rate, are 
devoured by other animals; and, when that is the case, the 
little particle of protein substance which is enclosed within the 
Pseudo-navicella is set free from its shell, and exhibits much 
more lively movements than before, thrusting out processes in 
various directions, and drawing them in again, and, in fact, 
closely resembling one of those animalcules which have been 
called AmoAeo (Fig. 1, H). The young Amoebiform Oregarina 
grows, increases in size, and at length assumes the structure 
which it had at first. That, in substance, is all that we know of 
this lowest division of animal life. But it will be observed, 
there is a hiatus in our knowledge. We cannot say that we 
know the whole nature and mode of existence of this, or any 
other animal, until we have traced it to its sexual state ; but, at 
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present, we know nothing whatever of this condition among the 
Gregarinse ; so that in reasoning about fliem we must always 
exercise a certain reticence, not knowing how far we may have 
to modify our opinions by the discovery of the sexual state 
hereafter. 

The process of becoming encysted, preceded or accompanied 
very often by the mutual apposition of two Gregarinmf was for- 
merly imagined to correspond with what is termed among plants 
“conjugation,” — a process which in some cases, at any rate, 
appears to be of a sexual nature. But the discovery that a 
single Oregarina may become encysted and break up into 
Fseudxhnavicdlse, seems to negative this analogy. 

II. The Ehizopoda. 

It seems difficult to imagine a stage of organization lower 
than that of Gregarinida, and yet many of the Ehizopoda are 
still simpler (Fig. 2). Nor is tliere any group of the animal 
kingdom which more admirably illustrates a very well-founded 
dot^trine, and one which was often advocated by John Hunter, 
that life is „the pause and not the consequence of orga nization ; 
lor, in these lowest forms of animal life, there is absolutely 
nothing worthy of the name of organization to be discovered by 
the microscopist, though assisted by the beautiful instruments 
that are now constructed. In the substance of many of these 
creatures, nothing is to be discerned but a masajitj^Uy, which 
might be represented by a little particle of thin glue. Not that 
it corresponds with the latter in composition, but it has that 
texture and sort of aspect ; it is structureless and organless, and 
without definitely-formed parts. Nevertheless, it possesses all 
the essential properties and characters of vitality ; it is produced 
from a body like itself ; it is capable of assimilating nourish- 
ment, and of exerting moremeuts. Nay, more, it can produce 
a shell ; a structure, in many cases, of extraordinary complexity 
and most singular beauty (Fig. 2, D). 

That this particle of jelly is capable of guiding physical 
forces in such a manner as to give rise to those exquisite and 
almost mathematically-arranged structures— being itself struc- 
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tureless and without j>ermanpnt distinction or separation of pails 
— is, to my mind, a fact of the profoundest significance. ^ 

Though a Rhizopod is not permanently organized, however, 
it can hardly be said to be devoid of organs ; for the name of 
the group is derived from the power which these animals possess 
of throwing out processes of their substance, which are called 
‘‘ pseudopodia,” and are sometimes very slender and of great 
length (Fig. 2, E), sometimes broad and lobe-like (Fig. 2, A). 


Fig. 2. 



Fig. 2. — 'A, B, Free and esofsted conditions of a& Amcs&a (after Auerbach) ; B, a Fonk 
mini^ {EctaUa) with extended pieudopodia ; D, its diell in seotioo (after SohnlM)^ 

These processes may flow into one another, so as to form a net- 
work, and they may, commonly, be thrust out from any part of 
the body and retracted into it again. 

If you watch one of these animals alive, you see it thrusting 
out, first one and then another of its pseudopodia, exhibiting 
changes of form comparable to those which the ooIoutIm 
corpuscles of the human blood present* The movements of 
these Bhizopods are quite of the same character ; they aie 
rapid, extensive, and effect locomotion. The creature 
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itself by means of its pseudopodia, which ^attach themselves to 
nutritive particles, and then draw them into the substance of 
the body. There is neither ingestive nor egestive aperture, 
neither special motor nor prehensile organs, but the pseudopodia 
perform each function as it may be required. 

But here, again, we labour under an im2)erfection of know- 
ledge. For, although it is quite certain that the Rhizopoda 
may multiply by division of their substance — in a way somewhat 
analogous to that which I detailed when speaking of the Grega- 
rinida — yet, as in that case, we have no knowledge of any true 
sexual process. It is a most remarkable circumstance that 
though these animals are abundant, and are constantly under 
observation, we are still in doubt upon that essential point, — still 
uncertain iji^hether there may not be some phase in the cycle of 
vital phenomena of the Rhizopoda with which we are un- 
acquainted ; and, under these circumstances, a perfect definition 
of the class cannot even be attempted. 


Fig. 3. 



Fig. Z^^^hcBTOMOum vvodimare (aRer Haeckel), one of the complex Itadiolana. 

III. The Eadiolabia. 

The simple forms of this group consist of microscopic masses 
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of sarcode or protopl^m, from which long slender pseudopodia, 
which may unite into reticulations, protrude. This protoplasmic 
substance contains a sac in which are inclosed celleeform bodies, 
fat globules, coloured granules or crystals, with more or less pro- 
toplasm. Very generally, numerous yellow corpuscles, which 
multiply by fission, are scattered through the superficial proto- 
plasm. To these parts a skeleton may be added, consisting of 
spicula (which may be loose, or united into a shell imbedded 
in tlie superficial protoplasm), or of rods, which meet in tlie 
middle of the sac. The skeleton is usually Biliciiied, The 
more complex forms consist of aggregations of the simpler, which 
]nay inclose ‘‘ yacuoles ’* or spaces full of water, as in Sphasrozoum 
(Fig. 8). No sexual process has been observed in any Eadio- 
larian. 

The siliceous skeletons of some of i\\o Radiolaria are known 
under the name of Pohjcistinem^ an<l, like tlui sk(;letons of the 
Foraminifera^ they enter largely into the formation of some 
strata of the earth’s crust. 

IV. The Sponqida. 

Multitudinous forms of sponges exist in both salt and fresh 
waters. Up to the last few years we were in the same case, with 
respect to this class, as with the Orega/rinida^ the Bhizopoda^ and 
the Badiolaria, Some zoologists even have been anxious to rele- 
gate the sponges to the vegetable kingdom ; but the botanists, who 
understood their business, refused to have anything to do with 
the intruders. And the botanists were quite right ; for the 
discoveries of late years have not left the slightest doubt that 
the sponges are animal organisms, and animal organisms, too, of 
a very considerable amount of complexity, if we may regard as 
complex a structure which results from the building up and 
massing together of a number of similar parts. 

The great majority of the sponges form a skeleton, which is 
compose^ of fibres of a homy texture, strengthened by needles, 
or spicula, of siliceous, or of calcareous, matter ; and this frame- 
work is so connected together as to form a kind of fibrous 
skeleton. This, however, is not the essential part of the animal, 



Fig. 4.— A, Hypothetical section jf a SpongiUa ; a, snperBrial layer ; 6, inhalent aper- 
tures; c, ciliated chambers; d, an exhalent aperture; e, deeper substance of the 
sponge. The arrows indicate the direction of the currents. B, A small sponge with 
a single exludent aperture, seen from above (after Lieberktlhn) ; a, inhalent apertures; 
0 , ciBated chamhm ; d, exhaleot aperture. C, A ciliated chamber. D/ A free- 
ewimmii^ ciliated embryo. 
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cilia in the water-passages of the sponge, but it is only quite 
recently that the precise nature of the arrangement of the appa- 
ratus which gives rise to these currents, has been made out. 
The canals which enter the deep substance of the sponge become 
dilated into spheroidal chambers, lined with sponge particles 
(Fig. 4, A, c, C), each of which is provided \vith a vibratile 
(•ilium ; and as all these cilia work in one direction — towards 
the crater — they sweep the water out in that direction, and its 
place is taken by fresh water, which flows in through the small 
apertures and through the superflcial chamber. The currents 
of water carry along such matters as are suspended in them, 
and these are appropriated by the sponge particles lining the 
passages, in just the same way as any one of the Bhizopoda 
appropriates the particles of food if finds in the water about 
itself. So that we must not compare this system of apertures 
and canals to so many mouths and intestines ; but the sponge 
1 represents a kind of subaqueous city, where the people are 
arranged about the streets and roads, in such a manner, that 
each can easily appropriate his food from the water as it passes 
along. 

Two reproductive processes are known to occur in the 
sponges : the one of them, asexual, corresponding with the en- 
cysting process of the Qregarinida ; and the other, truly sexual, 
and answering to the congi'ess of the male and female elements 
in the higher animals. In the common fresh-water Spongitta^ 
towards the autumn, the deeper layer of the sponge becomes 
full of exceedingly small bodies, sometimes called ‘‘ seeds ” or 
“gemmules,” which are spheroidal, and have, at one point, an 
opening. Every one of these bags — ^in the walls of which are 
arranged a great number of very singular spicula, each resem- 
bling two toothed wdjeels joined by an axle — is, in point of 
fact, a mass of sponge particles which has set itself apart — 
gone into winter quarters, so to speak— and becoming quite 
quiescent, encysts itself and remains still. The whole SpongiUa 
dies down, and the ^eds, inclosed in their case, remain un- 
injured through the winter. Wlien the spring arrives, the 
encysted masses within the seed,” stimulated by the altered 
temperature of the water, creep out of their nests, and straight- 
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way grow up into SpongtttaB like that from which they pro- 
ceeded. 

But there is, in addition, a true sexual process, which goes 
on during the summer months. Individual sponge particles 
become quiescent, and take on the character of ova ; while, in 
other parts, particular sponge particles fill with granules, the 
latter eventually becoming converted into spermatozoa. 

These sacs burst and some of the spermatozoa, coming' into 
contact with the ova, impregnate them. The ova develop and 
grow into ciliated germs (D, Fig. 4), which make their way out, 
and, after swimming about for a while, settle themselves down 
and grow up into Spongillm. 

Now that we know the whole cycle of the life of the sponges, 
and the characters which may be demonstrated to be common 
to the whole of this important and remarkable class, I do not 
think any one who is acquainted urith the organization or the 
functions of plants will be inclined to admit that the Bfongxia 
have the slightest real affinity with any division of the vegetable 
kingdom. 


V. The Infusoria. 

Although the Infusoria have been favourite studies for many 
years, it is only quite recently that the anatomy of these 
animals has been satisfactorily made out 

The different species of the infusorial genus Paramosoinm are 
very common among the microscopic inhabitants of our fresh 
waters, swimming about by means of the vibratile cilia with 
which the whole surface of their bodies is covered; and the 
structure which essentially characterises these animals is pro- 
bably that which is common to the whole of the Infusoria, so 
that an account of the leading structural features of PaAromoseium 
is, in effect, a definition of those of the group. 

Imagine a delicate, slipper-shaped body inclosed within a 
structureless membrane, or cvJticula, which is formed as an excre- 
tion upon its outer surface. At one point (Fig. 5, B a) the body 
exhibits a slight depression, leading into a sort of little funnel 
(h c) coated by a continuation of the same cuticular investment, 

0 
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which stops short at the bottom of the funnel. The whole of the 
bag formed by the cuticula is lined by a soft layer ot gelatinous 
matter, or sarcode,” which is called the ** cortical ” layer 
(Fig. 5, A a); while inside that, and passing into it quite gradu- 
^ly, there being no sharp line of demarcation between the two, 
is a semi-fluid substance, which occupies the whole of the 
central region of the body. Neither in the cuticle, the cortical 
layer,* nor the central substance, has any anatomist yet dis- 
covered a differentiation into cellular layers, nor any trace of 



Fig. 5. — Paranuecium bursaria (after Stein) : A, The animal viewed from the doi’sal side; 
a, cortical layer of the body; b, “nucleus;*' c, contractile chamber; d d\ matters 
taken in as food ; chlorophyll granules. 

B, The animal viewed from ventral side ; a, depression leading to 6, mouth ; 
c, gullet ; dy “ nucleus (f , ** nucleolus ;” e, centi-al sarcode. In both these figures 
the arrows indicate fhe direction of the circulation of the sarcode. 

C, Paf'anuvcium aividing transversely ; a a', contractile spaces ; b b\ “ nucleus *’ 
dividing; c c', “ nucleoli.” 


that histological composition which we meet with in the tissues 
of the higher animals ; so that hero is another case of complex 
vital phenomena proceeding from a substance which, in a histo- 
logical sense, is structureless. 

At two points of the body (Fig, 5, A, c, e) the substance 
of the cortical layer exhibits a remarkable power of contrac- 
tion and dilatation. If you watch one of those points, the 
sarcode suddenly seems to open like a window, and, for a while, 
a clear space is visible, which then, quite suddenly, shuts again. 
After a little time the same diastole and systole are repeated. 
As the systole takes place, it is possible, occasionally, to discern 
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certain radiating canals, which extend from the cavities into the 
surrounding sarcode, and disappear again before diastole occurs. 
There is no doubt that the clear space is a chamber filled with 
fluid in the cortical layer ; and since good observers maintain that 
there is an aperture of communication, through the cuticula, 
between the* 'contractile chamber’ and the exterior, this fluid 
can be little more than water. Perhaps the whole should be re- 
garded as a respiratory or secretory mechanism: inone rii^^or 
another, it k eminently characteristio of the Iftfimria. Besides 
this singular apparatus, there lies embedded in another part of 
the cortical layer a solid mass, of an elongated oval shape (Fig. 
5, A, B, d), wHch has been called the " nucleus,” though it must 
be carefully distinguished fiom the " nucleus ” of a cell. Upon 
one side of this, and, as it were, stuck on to it, is a little rounded 
body (Fig. 5, B, d"), which has received the name of the 
“ nucleolus.” The animal swims about, driven by the vibration 
of its cilia, and whatever nutriment may be floating in the water 
is appropriated b} means of the current which is caused to set 
continufidly into the short gullet by the cilia which line that 
tube. 

But it is a singular circumstance, that these animals have an 
alimentary canal consisting of a mere gullet, open at the bottom, 
and leading into no stomach or intestine, but opening directly 
into the soft central mass of sarcode. The nutritious matters 
passing down the gullet, and then into the central more fluid sub- 
stance, become surrounded by spheroids of clear liquid (Fig. 6, 
A, d), consisting apparently of the water swallowed with them, so 
that a well-fed ParamoBcium exhibits a number of cavities, each 
containing a little mass of nutritious particles. Hence formerly 
arose the notion that these animals possess a number of stomachs. 
It was not unnaturally inrtigined that each of the cavities in 
question was a distinct Btomsksb; but it has since been dis- 
covered that the outer layer of the sarcode is, by means of some 
unknown mechanism, kept in a state of constant rotation ; so 
that the supposed stomachs may be seen to undergo a regular 
circulation up one side of the body and down the other. And 
this circumstance, if there were no other arguments on the same 
side, is sufficient to negative the supposition that the food- 
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containing spaces are stomachs ; for it is impossible to imagine 
any kind of anatomical arrangement which shall permit true 
dilatations of an alimentary canal to rotate in any such manner. 
Fescal matters are extruded from an anus, which is situated not 
far from the mouth, but is invisible when not in use. It is an 
interesting and important character of the Infusoria, in general, 
that, under some circumstances, they become quiescent and 
throw out a structureless cyst around their bodies. The Infvr 
sorium then not unfrequently divides and subdivides, and, the 
cyst bursting, gives rise to a number of separate Infusoria. 

The remarkable powers of multiplication by fission which 
many of the group exhibit are well known ; but within the last 
few years the investigations of Muller, Balbiani, Stein, and 
others, have led them to believe that these minute creatures 
possess a true^ process of sexual multiplication, and that the 
sexual organs are those which have been denominated ‘‘ nucleus ” 
and “nucleolus.” The nucleus is consi(lered to be the true 
ovary — the nucleolus, the testis, in Faramoecium. But further 
information is required before this interpretation can be finally 
accepted. All that can be said to be made out with perfect cer- 
tainty is, that occasionally vibrio-like rods (the supposed sper- 
matozoa) are seen in the enlarged and modified nucleolus and 
nucleus ; and that the nucleus may under certain circum- 
stances give rise to germs by fission. 

A process of conjugation has been observed in many Infusoria. 

In giving an account of the preceding groups, I have substi- 
tuted for a definition of each class a description of the stracture 
of some particular member of that class, or of the organic 
features which are most obviously characteristic of the class ; 
because, in hardly any of those groups has the structure of many, 
and widely different, members been thoroughly and exhaustively 
worked out. 

I entertain little doubt, however, that the main features of 
the description of SjpongiUa might substantially be taken as a 
definition of the Sjponpida, and those of the description of Faroh 
moeeium, as a definition of the Infusoria. On the other hand, 
we possess no such complete knowledge of the vital cycle of 
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any Chegarina, Ehizopod, or Badiolarian ; and neither descrip- 
tion nor definition of the corresponding classes, of a thoroughly 
satisfactory kind, is attainable. 

No such difficulties beset us in studying the next class, which 
embraces the HydroW polypes and the Medum, and which may 
be defined with as much precision as any group in the Animal 
Kingdom. 


VI. The Hydrozoa. 

All tlie Hydrozoa exhibit a definite histological structure, 
tiieir tissues })rimarily })resenting that kind of organization 
which has been called cellular. Again, the body always ex- 
hibits a separation into at least two distinct layers of tissue — 
an outer and an inner — which have been termed, respectively, 
ectoderm and endoderm. The endoderm is that layer which 
lines the inner cavities of the body, from the mouth inwards ; 
the ectoderm is that which forms its external covering. 

These two layers are shown in the accompanying diagram- 
matic sections of the leading forms of Hydrozoa^ the ectoderm 
being represented by the thin line with the adjacent clear space, 
the endoderm by the thick dark line (Fig. 6). 

A third distinctive character of the Hydrozoa is, that the 
digestive cavity communicates directly, by a wide aperture, with 
the general cavity of the body ; the one, in fact, passing by 
direct continuity into the other. Furthermore, the digestive 
sac is not in any way included in the substance of the rest of 
the body, but stands out independently, so that the outer wall 
of tlie digestive cavity is in direct contact with the water in 
which the animal lives, and there is no perivisceral chamber. 
Tlie like is true of the reproductive organs, which may vary 
very much in form, but have the common peculiarity of being 
developed as outward processes of the bodj wall, so that their 
external surfaces are directly in contact with the surrounding 
medium. 

The majority of these animals seize their prey by.means of 
tentacula developed either around the mouth, or from the walls 
of the digestive cavity, or from the body wall ; and these tentar 
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deiu «8 veil as oth« parte of the body, are laorided with 
those peculiar weapons of offence which have been termed 
** thread-cells/’ 

Fig. 6. 



Fig. 6. — ^Diagiams illustrative of tlie inutaal relations of the Hydrozoa, — 1. Hydro, 
2. Scrtularian. 8. Diphjes. 4. Physophorid. 5. Lucemaria, a. Ectocjst. b, En- 
docyst. c. Their enclosra cavity, 

P. Tentacles. N, Natatorial organ. T. Coenosarc. B. Br^t. C. Cell. S. 
Polypite or digestive cavity. G, Peproductive organ. A. Air v^de. F. Float. 

I., 11., 111., IV. represent the successive stages of development of a Medodform 
zooid or repr^uctive organ. 


Vn. The Aotinozoa. 

This class contains those animals which are familiar io us as 
Sea-anemones and Coral-polypes, by the latter of which, in many 
parts of the world, those huge reefs, which are so well known to 
navigators, are constructed. It embraces the Sea-pens and the Bed 




43oml, and those ereatiireBwhk^ are kiH>wn mider the names 

of BeroS, (kfdigpe, Pleurcbraehia, &a, traBsparenti beautifully 
symmetrical, free-swimming animals, provided with eight rows 
of longitudinally-disposed large cilia. In all these animals we 
find a great uniformity of structure, and their plan of construction 
is quite as readily definable as that of the preceding class, with 
which they exhibit a close affinity. Like the majority of the 
Hyd/rozoay most Aetinozoa have their mouths surrounded by ten- 
tacles ; and there is the same primary distinction of the body 
into two cellular layers — the ectoderm and the endoderm— 
though, in the adult forms of the more highly organized Adino- 
zoa, these primitive layers become further differentiated into 
bundles of definitely disposed muscular fibres, and even into 
nerves and ganglia. 

As in the Hydrozoa, again, the alimentary canal communi- 
cates freely, and by a wide aperture, with the general cavity of 
the body ; but the whole of the Adinozoa, I)olype-like as they 
are in external appearance, differ from the Hydrozoa by a very 
important further progress towards complexity. We found that 
in the Jiydrozoa the digestive cavity was completely outside the 
general cavity of the body, the digestive portion of the organism 
being continued into, and not in any way contained within, the 
part which surrounds the general cavity. But if you make a 
vertical section of a sea-anemone (Fig, 7), you will find that 
the alimentary cavity — as freely open at the bottom as in the 
Hydrozoa — is enclosed within a part of the body which contains a 
prolongation of the general cavity. If you could suppose the 
stomach of a Hydrozoon thrust into that part of the body with 
which it is continuous, so that the walls of the body should rise 
round it and form a sort of outside case, containing a prolon- 
gation of the general cavity, the Hydrozoon would bo converted 
into an Adinozoon. 

The prolongation of the general cavity thus produced, which, 
as it surrounds the chief viscus, may be termed the ** perivisceral 
cavity ” (d), receives the products of digestion mixed with much 
sea-water ; and the nutritive fluid, which fills the perivisceral 
cavity and its ramifications, plays the same part as the blood of 
the more highly organized animals. The gastric chamber of 



24 


INTRODUCTION TO CLASSIFICATION. 


the Adirmoa does not lie free in the interior of the body, but is 
connected to the sides of it by means of membranous partitions, 
the so-called “ mesenteries (/), which pass radially from the 
stomach to the side walls of the body, and so divide the " peri- 

Fig. 7. 



Fig. 7. — Perpendicular Fection of Actinia hokatica (after Frey and Leuckart) ; a, mouth ; 

6, alimentary cavity ; c, common cavity ; d, intermesenteric chambere ; e, cord con- 
taining thread-cells at the edge; /, the mesenteiy ; gr, reproductive organ ; h, tentacle. 

visceral cavity into a number of chambers, which communicate 
with the bases of the tentacles. In the whole of the Hydrozoa 
the reproductive organs were attached to the exterior of the 
body, and projected fix)m it. In the whole of the Adinozoa, 
on the other hand, the reproductive organs (of which both sexes 
are frequently combined in the same individual) are internal, 
inasmuch as they are situated in the substance of the mesen- 
teries (0). 

These are the universal and distinctive characters of the 
AcHnozoa, That some are simple and some are compound 
organisms ; that some are fixed and some free swimmers ; that 
many are soft, while a great number are provided with very 
dense skeletons; that some possess a rudimentary nervous 
system, while the majority have as yet afforded no trace of any 
such structure — are secondary circumstances in no way affecting 
the problem before us, which is, to find a diagnostic definition 
of the group. 
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- VIII, The Polyzoa. 

Notwithstanding the invariably minute size of the organisms 
which constitute this class, they exhibit a very great advance in 
complexity of structure. In such a compound Polyzoon as the 
Sea-mat, or Fluslra^ the entire surface of the foliaceous expan- 
sion, on being examined by the microscope, will be found to be 
beset with an infinitude of minute apertures leading into little 
chambers, out of each of which, when the animal was living and 
active, multitudes of little creatures might be seen protruding the 
oral extremities of their bodies. The ends of the branches of the 
freshwater genus Plumcddla^ represented in Fig. 8, present a simi- 
lar spectacle. Each mouth is surrounded by a circlet of tentacles ; 
and, as every tentacle is fringed with long and active vibratile 
cilia, lashing the water towards the mouth, hundreds and thou- 
sands of little Maelstroms are created, each tending to suck down 
such nutritious bodies, living or dead, as come within its range. 
The mouth (Fig, 9) leads into a long and wide pharyngeal 
and oesophageal tube, which opens, below, into a definite 
stomach. From this is continued a distinct intestine, which 


Fig. 8. 



Fig. 8 . — PlwnaieUa repena^ a fresh-water Polyzoon, magnified (after Allman). 

bends upon itself towards the oral end of the body, so as to form 
a sharp angle, and then terminates upon the outer surface near 
the mouth ; so that v/e have here, for the first time in our 
ascending survey of the Animal Kingdom, an animal possessing 
a complete intestine, not only structurally separated from the 
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general substance of the body, and provided with permanent 
apertures, as in the Ilydrozoa and Actinozoa, but completely 
shut off from the perivisceral cavity, and in direct communica- 
tion only with the external medium. All the Polyzoa possess 
a nervous system, the characters and position of which are 
very well defined. It consists of a single ganglion (Fig. 9, w)> 
placed between the oral and the anal apertures, and sending 


Fig. 9. 



Fig. 9. — riunvxtella repens^ a single cell more magnified ; w, calyx at the base of the 
ciliated teiitacuhi borne by the disk or lophojdtoie ; gullet ; <j ijy stomach; 4, in- 

testine; *, anui. ; tr, nervous ganglion (after Allman). 


off nerves in various directions. It has been affirmed that, 
in some Polyzoa, there is a more extended system of nerves by 
which the various zooids of the compound organism are placed 
in communication ; but of that we want further evidence. In 
these animals no heart has been discovered as yet, the matters 
which result from digestion percolating through the walls of the 
intestine, and becoming mixed with the perivisceral fluid. One 
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of the structural cliaracters which I have mentioned is exceed- 
ingly important. As I have said, the intestine is not straight, 
but is bent upon itself (Fig. 9), and the direction of flexure is 
such that the nervous ganglion, which corresponds with those 
called “ pedal ” in Lamellibra^ichiata, is placed in the re-entering 
angle between the gullet and the rectum. In order to express 
this relation of the nervous system to the alimentary canal, the 
flexure of the latter has been called “ neural ” — the side of the 
body on which llio principal ganglion is placed, and towards 
which the intestine is bent, being the “ neural ” side. Whatever 
our terminology, however, the great point is to remember that 
the structural i*elation which it expresses is constant throughout 
the Pohjzoa. 

IX. The Brachiopoda. 

Notwithstanding that these animals dilTer very much in 
external appc'arance from the Pohjzoay wo shall find a singular 
fundamental resemblance of internal structures l)etweon tlui two 
classes. All known Polyzoa are (compound animals, that is to 
say, the product of every ovum gives rise, by gemmation, to 
great assemblages of pai*tially independent organisms, or zooids. 
The Bracliioj)odci, on the contrary, are all simple, the product 
of each ovum not giving rise to others by gemmation. All tho 
Brachiojpoda possess a bivalve shell — a shell composed of two, 
more or less lioiiiy, or calcified, pieces, which are capable of a 
certain range ^'f motion on one another, and are very commonly 
articulated together by teeth and sockets. The proper body, 
which is small when compared with the size of the shell, has 
its dorsal inh'gument produced into broad membranous expan- 
sions, which line the interior of the valves of the shell, and are 
called the lobes of the mantle or “ pallium.” The aperture of \ 
the mouth is situated in the middle line, between the pallial 
lobes, and, on each side of it, is a longer or shorter prolon- 
gation of the body, provided with ciliated tentacula. It is 
from the presence of these “ arms ” that the class has received 
its name. Tho tentaculate oral disk of a PlumateUa is already 
horse-shoe shaped (Figs. 8 and 9) ; suppose each crus of the 
horse-shoe to be pulled out to a much greater length, and 
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tentaculated “ arms ” would be i^roduccd, closely resembling 
those of the Brachiojpoda, 

The mouth leads into a gullet which is directed towards, or 
lies along, that side of the body from which one lobe of the 



mantle, the anterior, is continued; the gullet opens into a 
stomach, provided with a well-develojx)d liver ; and from the 
stomach, an intestine proceeds, which is directed towards, or 
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along, that sido of tlio body from wlnoh the other lobe of the 
mantle proeeeds; and then either ends, blindly, in the middle 
line (Fig. 10), or (*lse terminates in a distinct anus between the 
pallial lobes. 

The principal ganglionic mass is situated bc'hind and below 
the mouth, in the re-ent(Ting angle between the gulh't and the 
re(*tuin ; in other words, the intestine has, as in the J^olyzoa, a 
neural flexure (Fig. 10). In all Braeliio])oda which have been 
carefully dissected a singular system of (‘avities and canals 
situated in the interior of the body, but in free comimmication 
with the surrounding medium, has been discovered. ^fliis, 
which I shall term the “ atrial ” system (from its close corre- 
spondence with the systom of cavities, which has n‘C(‘iv('d the 
same name in the Ascidians), has been WTongly regardcal as a 
part of the true vascular system, and the organs by whicli it is 
placed ill communication with the exterior have been described 
as “hearts.” There are sometimes twH) and sometimes four of 
these “ pseudo-hearts,” situated in that part, of the body wall 
whi(‘h helps to bound the pallial chamber. Each psiuido-heart 
is divided into a naiTow, (dongated, external portion (the so- 
called “ ventricle ”), which coramunicab^s, as Mr. Hancock has 
])roved, by a small apical ajierture wdth the pallial cavity; and 
a broad, funnel-shaped inner division (the so-(;alled “ auricle ”), 
communicating on the one hand by a constricted neck witli the 
so-called “ ventricle,” and, on the other, by a wide, patent 
mouth, with a chamber wdiich occupies most of the cavity of 
the body proper, and sends more or less branched diverticula 
into the pallial lobes. These havi^ been described as parts of 
the blood vascular system ; and arterial trunks, which have no 
existence, have been imagined to connect the apices of the 
ventricles with vascular networks of a similarly mythical 
character, supposed to open into the branched diverticula. 

In fact, as Mr. Hancock has so well shown in his splendid 
and exhaustive memoir, published in the Philosojpliiccd Trans- 
actions for 1857, the true vascular system is completely distinct 
from this remarkable series of “ atrial ” chambers and canals, 
the function of which would appear to be to convey away 
excretory matters and the products of the reproductive organs. 
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wliieh are developed in various parts of tlie walls of the atrial 
system. 

The precise characters of the true vascular system of the 
Brachiofoda probably require still further elaboration than they 
have yet received ; and the same may be said, notwithstanding^ 
the valuable contributions of F. Muller and of Lacaze Duthiers, 
of their development; but the shell, the pallial lobes, the in- 
l testine, and the nervous and the atrial systems, afford characters 
amply sufficient to define the class. 

X. The Asoidioida. 

These, like the Brachiopoda, are marine animals, and are 
very common all over the world ; the more ordinary forms of 
them bein" always easily recognisable by the circumstance 
that their external integument is provided with two prominent, 
ad jacent apertures, so that they look very much like double- 
necked jars (Fig. 11). At first sight you might hardly suspect 
the animal nature of one of these singular 
organisms, when freshly taken from the sea ; 
but if you touch it, the stream of water 
which it squirts out of each aperture reveals 
the existence of a great contractile power 
within ; and dissection proves tliat this power 
is ‘xerted by an organism of a very con- 
siderable degree of complexity. Of the two 
apertures, the one which serves as a mouth 
is often — but not always — sun’ounded by a 
circlet of tentacles (Fig. 12, c). It invari- 
ably leads into an exceedingly dilated. pha- 
of which are, more or less 
extensively, perforated. The gullet comes 
off from the end of the pharynx, and then 
dilates into the stomach, from which an intestine, usually of 
considerable length, is continued to the anal aperture. The 
1 latter is almost always situated within a chamber which opens 
j externally, by that second aperture upon the exterior of the 
I test, to which I referred just now. Furthermore, in all Asci- 


Fig. 11. 



Fig. 1 1 . — PJialhisia men 
tula ; a, ora! ; />, atrial 
npi’tiire; c, base of 
attachment. 
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dians which I have examined, the first bend of the intestine 


takes place in such a manner that, 
if tlie intestine continued to preserve 
the same direction, it would end on 
the opposite side of the mouth to the 
nervous ganglion (Fig. 12); in other 
words, the nervous ganglion would 
not be situated in the re-entering 
angle between the gullet and the 
rectum, but on the opposite side of 
the gullet to that angle. Therefore, 
the flexure of the intestine is not 
neural, as in the Polyzoa ; but as, on 
the contrary, the intestine is pri- 
marily bent towards the heart-side of 
the body, its flexure may be termed 
‘‘hremal.” And this haemal flexure 
of the intestine in the Ascidians thus 
constitutes an important element in 
the definition of the class. 

In these animals there is an atrial 
system, the development of which is 
even more extraordinary than in the 
Polyzoa, The second aperture to 
which 1 have referred (5, Fig. 11 and 


Fig. V2. 
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I, Fig. 12) is continued into a large 
cavity, lined by a membrane, wliich 
is reflected, like a serous sac, on the 
viscera, and constitutes what is called 
the ‘‘third tunic,” or “peritoneum.” 
From the chamber which lies imme- 
diately within the second aperture 
(^, Fig, 12) it is reflected over both 
sides of the pharynx, extending, to- 
wards its dorsal part, very nearly as 
far as that structure which has been 
termed the “ endostyle ” (m. Fig, 12), 
It then passes from the sides of the 


Fig. 12. — PUaKuaia incntulu ; titc 
tost vomoved, Jind linrdly more 
of the animal drawn tlnm 
would be seen in a 
tudinal .sootion. f/, ond ai>c*i- 
tiiic; I, atrial a]tetturc’, c, 
cindot ol‘ tontacle-i; d, pha- 
ryngeal, or branchial, sac : the 
thiec rows of aj)eiiures in its 
upper jiai’t imlicatc, but do not 
refirosent, the j>hai‘yngo-atria) 
a[M*rture<i ; c, the hun^iwtB : a 
series of tongue-siia/Kxi pro- 
cesses which proji :;l into the 
branchial sac; f, oesophageal 
ojmiiug; f/, slomuch ; A, in- 
testine lyertorming its ha?ma] 
flexure; t, anus; A, uiiitim; 
bj ganglion ; m, endostyle ; n, 
lieait. 
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pharynx to the body walls, on which the riglit and left lamellae 
become continuons, so as to form the lining of the chamber (k\ 
into which the second aperture (1) leads, or the “ atrial chamber.” 
Posteriorly, or at the opposite end of the atrial chamber to its 
aperture, its lining membrane (the ‘‘ atrial lunic ”) is reflected to 
a greater or less extent over the intestine and cinuilatory organs, 
sometimes inclosing each of their i^arts in distinct plications (as 
in the genus PhaTluaia), sometimes merely passing over them, 
and limiting the blood sinus in which they are contained (as in 
Clavelina^ &c.). \Vh(ire the atrial tunic is reflected over the 
sides of the pharynx, the two enter into more or less close 
union, and the surfaces of contact become perforated by lai-ger 
or smaller, more or less numerous, apertun^s. Thus the cavity 
of the pharynx acquires a. free communication with that of the 
atrium; and, as the margins of the {diaryngo-atrial apertun's 
are fringed with cilia, working towards the interior of the body, 
a current is produced, which sets in at the oral aperture, and 
out by the atrial opening, and may be readily observed in a 
living Ascidian. 

The Ascidians })osscs8 a distinct heart, but of a very simple 
construction, seeing that it is merely an incomplete muscular 
tube, open at each end, and devoid of valves. Functionally, it 
is not less remarkable than structurally ; for, in the great 
majority of Ascidians, if not in all, it exhibits a regular alter- 
nation in the order of the peristaltic contractions of its 
muscular substance, which has no parallel in the Animal 
Kingdom. The result of this reversal in the direction of the 
contractions of the heart is a corresponding periodical reversal 
of the course of the circulation of tlie blood, so that the two 
ends of the heart are alternately arterial and venous. 

The perforated pharynx performs the function of a branchial 
apparatus, the blood contained in its sieve-like walls being 
subjected to the action of constant currents of aerated water. 
All Ascidians possess a single nervous ganglion placed upon 
one side of the oral aperture (6, Fig. 12), and, in all known 
genera but Appendicularia, it is situated between the oral and 
atrial apertures, and, indeed, bebveen the oral and anal 
apertures ; for, in all genera but that mentioned, the intestine, 
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after it has made its haemal bend, curves down towards tlio 
neural side of the body, and opens into the atrium on that side 
of the body, and behind tlie nervous pin^lion. 

The outer intt'guincnt of the Ascidians secretes upon its 
surface, not a calcareous sludl, but a case or “test,” wliich may 
vary in consistence from jelly to hard leather or horn. And 
it is not OIK' of the least rcunarkable chara(*t('ristics of th(» 
groiq) tliat this test is rendered solid, by impregnation with a 
substance identical in all respects with that “ cellulose ” which 
is the pioxiinatc; j)rincii)le of woody libn*, and forms the cliief 
part of the sk(*h'ton of plants. Before the discoveries of lat(' 
years had mad(‘ us familiar with the production of vegetabh* 
proximate })rinci]»les by the metamor])hosis of animal tissues, 
this^ circuiustanc(‘ was justly regarded as one of the most 
nnnarkable facts of comjiarativi' physiology. 

ht‘ last common and distinctive* })eculiarity of the Ascidians 
w'hicli I have to mention, is one which aecpiires importance only 
from its constancy. The middh* of thi' haunal wall of the 
pharynx, from near the oral to the cesophagiail end, in all th(‘so 
animals, is pushed out into a longitudinal fold, tla* bottom of 
wliicli projects into a blood sinns, and lias a miicb thickened 
('])ithelial lining. Viewed from one side, the bottom of the 
fold consequently appears like a hollow rod, and lias been 
temicd tlie ‘‘endostylo” {in. Fig. 12). The fum^tions of this 
structure are uiiknow’u, but it has hcen uotieed in all genera of 
Ascidians hitlierto examined. 

XI. The LAMPHJjnuANCHiA'rA. 

This group, comprising those creatures which we know as 
mussels, cockles, and scallops, and all tlie fabricators of what 
are commonly known as biviilve shells (cxc^ept the Brachiojpoda), 
presents an important advance in organization. In all these 
animals, the body, as is exemplified by the diagram (Fig. 13) 
of a freshwater mussel {Anodon), is included within a mantle or 
“ pallium,” wliich is formed by a prolongation of the dorsal 
integument, — a structure in principle quite similar to that 
which we met with in the Brachiopoda. But there is this 

D 
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essential difference between the two, — that whereas, in the 
Brachiopoda, the mantle lobes corresponded with the anterior 
and posterior regions of the body, in the Lamdlibranchiaia 
they answer to the riglit and left halves of the body. The 
intestine, which always terininates by a definite anus between 
the mantle lobes, at the posterior end of the body, has its 
first flexure neural. There is always a well-developed heart, 
which is much more complex than that of the Aseidians or 


Fig. 13. 



Fig. 13. — Sectional dinginm of a fi e^hwater mussel (j\}rd<>n). A A, mantle, the light 
lolie of which is cut away ; /?, ftK>t ; (7, bmnohitul chamber of the mantle cavity ; D, 
anal chamber ; Zj anterior adductor muscle ; II, posterior adductor muscle ; 
a, mouth ; h, stomach ; c, intestine, the turns of winch are supi>o8ed to be seen 
Uirough the side walls of the foot; d, lectum; c, anus; /, ventricle; g, auricle; h, 
gills, except i, right external gill, lai-gely cut away and tinned hack ; k, labial palpi; 
I, cerebral ; m, pedal ; n, parieto-splancbnic ganglia ; o, ai»crture of the organ of 
Tkijaiius; p, ]>ei'icai'dinm. 


Brachiopods, being divided into distinct auricular and ven- 
tricular chambers. Commonly, there are two auricles and one 
ventricle, as in Anodon ; but in other LameUibranchiata, such 
as the oyster, there is a single auricle and a single ventricle, 
and, in some exceptional cases, there are two auricles and two 
ventricles, forming two distinct hearts. Distinct respiratory 
organs, which usually have the form of lamellae (as the name 
of the class implies), are found in all LameUibranchiata, and 
are situated upon each side of the body, in a chamber which 
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extends between the foot and the mantle lobes in front, and 
between the mantle lobes posteriorly (Fip:. 14). The branchial ' 
organs may consist of distinct filaments, or of plates composed 1 
of tubular rods sup|X)rting a network of blood-vessels, and ; 
covered with cilia, by tlie action of wliicli they are constantly 
bathed by currents of water. 


Kir. 14. 



n 


A A 

I'ig 14. — Ano<h?i, vortic«l niul transverse section of flie l»ody thronph the lienH ; /, ven- 
tricle ; //, ant ides; c, rertnm ; p, pei icai<liun» ; //, inner, ont(*r gill ; o'f/, organ 
of U<»jnnus ; !», foot ; A A, mantle lolws. 

The nervous systtmi pn*s(‘nts ti no less distinct tidvunce than 
the other organs. All Lnmellihranchs possess tit l(‘ast three 
jmirs of principal ganglia — a cerebral pair at the sides of the 
mouth, a j)edal pair in the foot, and a third pair on the under 
surface of the posterior adductor muscle, which are commonly 
called ‘‘ branchial,” but which, as they supply not only branchial, 
but visceral and pallial filaments, may more properly be termed 
parieto-splanchnic.” Three sets of commissural filaments con- 
nect the cerebral ganglia with one another, with the pedal, and 
with the parieto-splanchnic ganglia. The inter-cerebral com- 
missures surround the mouth, and the other two pairs of cord.s 
extend respectively from the cerebral to the pedal, and from 
the cerebral to the parieto-splanchnic ganglia. 

Finally, there is always, in these animals, an extcmal shelly 

D 2 
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which is formed as an excretion from the surface of the lobes of 
the mantle, and is composed of layers of animal matter hardened 
by deposit of carbonate of lime, which may or may not take a 
definite form, and so give rise to “ prismatic ” and “ nacreous ” 
substance. As the lobes are right and left, so the valves of the 
shell are right and left, and differ altogether from the valves of 
the shell of the Braehio'poda, which are anterior and posterior. 
The valves of the shell can be brought together by adductor 
muscles. Of these one (Fig. 1m, II) always exists, posteriorly, 
on the neural side of the intestine. A second (Fig. 13, is 
commonly found anteriorly to the mouth, on the hoernal side of 
the intestine. 


XII. The Branciiiogasteropoda. 

The hiatus between the present class and that just defined is 
considerable, though not quite so well marked as that between 
the Ascidians and the Lamdlibranchiata. This group, which 
contains the whelks, periwinkles, sea-slugs, or the Heteropoda, 
Pfictinihranchiata, Gyclohranchiaia, Tectlhranchiatay Inferobran- 
chiataf and Nudihranchiata, of Cuvier, consists of animals which, 
like the Lamellibranchs, possess (in their young state, at any 
rate) a mantle ; a foot, which is the chief organ of locomotion ; 
and throe principal pairs of ganglia — cerebral, pedal, and 
parieto-splanchnic. When they are provided with a heart, 
which is usually the case, it is divided into auricular and ven- 
tricular chambers ; but the mantle, instead of being divided into 
two lateral lobes, is continuous round the body, and when it 
secretes a shell from its surface, that shell is either in a single 
piece, or the pieces are repeated from before backwards, and 
not on each side of the median line. The shell of a Branchio- 
gasteropod may, therefore, be univalve, — composed of a single 
conical piece, straight or coiled; or it may be multivalve — 
formed of a number of segments succeeding one another antero- 
posteriorly ; but it is never bivalve. 

Sometimes a shelly, horny, or fibrous secretion takes place 
from the foot, giving rise to a structure resembling the byssus 
of some Lamellibranchs ; it is the so-called “ which 
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serves to protect tli<. animal when retracted into its shell ; but 
as the operculum is developed from the foot and not from the 
mantle, it can obviously have no homology witli the valves of 
either a Brachio[x)d or a Lamellibrancli. Tlie Branohiogastero- 
2 >oda (Fig. 15) commonly possess a distinct head, provided with 


Fig. 15. 



Fig, 15. — Sodion of n female'wlu lk (Jiucciuuni). The ojgniiK marked t and A are removed 
from their pi oi»ei placeh ; the othera are seen m situ, a, mouth ; 6, gullet ; c, head ; of, 
foot; c', ojieiculiim ; /, fiee pint of tlie mantle; (/, that }iart which in vesta the 
visceral mat>8 hslged within the shell ; A, a gland of unknown function connected with 
the gullet; i, crop; A, stomach ; /, iiitebtine; 7n, rectum; n, heart; o, aperture of 
the renal <»rgan ; r, mucous gland developed fiom the wall of the mantle cavity; s, 
oviduct ; t, salivaiy gland. The ariows indicate the position of the branchia:. The 
cerebiflly pedal, and ieto-splanchnic ganglia closely surround the gullet, and the 
latter send otT a long ganglionnted cord towards the heait and branchiae. 


a pair of tentacles and a single pair of eyes, both of which are 
supplied with nerves from the cerebral ganglia. Cephalic eyes 
of this kind are not known in the LameUibranchiata. But the 
characters which most definitely distinguish the Branchiogastero^ 
poda are to be found in tbe alimentary canal. The cavity of 
the mouth is invariably provided with an organ which is usually, 
though not very properly, called the tongue, and which might 
more appropriately be denominated the “ odontophore.” It 
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consists essentially of a cartilaginous cushion, supporting, as on 
a pulley, an elastic strap, which bears a long series of trans- 
versely disposed teeth. The ends of the strap ai e connected 
with muscles attached to the upper and lower surface of the 
hinder extremities of the cartilaginous cushions; and these 
muscles, by their alternate contractions, cause the toothed strap 
to work, backwards and forwards, over the end of the pulley 
formed by its anterior end. The strap consequently acts, after 
the fashion of a chain-saw, upon any substance to which it is 
applied) and the resulting wear and tear of its anterior teeth 
are made good by the incessant development of new teeth in 
the secreting sac in which the hinder end of the strap is lodged. 
Besides the chain-saw-like motion of the strap, the odontophore 
may be capable of a licking or scraping action as a whole. 

The other peculiarity of the alimentary canal of the Bran- 
chiogasteropoda is that it is always bent upon itself, at first, not 
to the neural, but4o the haemal, or heart side of the body— the 
rectum very commonly opening into the mantle cavity, above 
the cephalic portion of the body. 

In most Branchiogasteropoda the foot is a broad, flat, mus- 
cular body, without any distinct division of parts ; but in some 
forms, such as the Eeteropoda of Cuvier, it is divided into three 
very well-marked portions — an anterior, a middle, and a pos- 
terior, which are termed respectively the propodium, mesopo- 
dium, and metapodium ; while the Aplysise, in which the foot 
proper has the ordinary composition, exhibit processes from the 
lateral and upper surfaces of that organ, having the form of 
great muscular lobes, which serve as a sort of aquatic wings to 
some species, and are termed epipodia. 

The Branchiogasteropoda are such of the Gasteropoda of 
Cuvier as breathe water either by means of the thin wall of the 
mantle casiiy {Atlanta, ^e.g.), or by special pallial branchim 
{Pectinibranchiaia, Tectibranchiata, &c.), or by certain parts of 
the integument of the body (Nudibranchiata) more or less 
specially modified. 
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Xlir. The PULMOGASTEROrODA. 

These are the Pulmonate Gasfei*opoda of Cuvier, or the snails 
and slugs, which agree with the Branchiogasieropoda in the 
general characters of their body, manths nervous and respira- 
tory systems, and in possessing an odontophore ; but differ from 
them, not only in breathing air by means of the thin lining of 
the pallial chamber, but, as I believe, by the direction of the 
flexure of their intestine. A careful dissection of a common 
snail, for example (Fig. 16), will prove that, though the anus is 


•Fig. 16. 



Fig. 16. — Diagiam rxhibitiiig tlie di.spo&ition of the intpstine, neiTous systein, &c., in a 
common snail (//c/ix). a, mouth ; 6, tooth ; c, odootophore ; d, gullet ; a, its dilata- 
tion into a sort of crop ; /, stomach; coiled termination of tlie vif>oeral mass; the 
letter is also close to the commencement of the intestine, which will be seen to lie 
under the oesopiiagus, and not over it as in the whelk ; rectum ; t, anus ; /<;, renal 
sac ; /, heaii ; m, lung, or modified pallial cliamber ; 72, its external a])erture ; o, 
thick edge of the mantle united with the sides of the body ; />, foot ; r, cerebral, 
pedal, and parieto-splanchnic ganglia aggregated round the gullet. 

situated in tlie same way as in the Branohiogasteropoda, on the 
dorsal or hmmal side of the body, the primary bend of the 
intestine is not to the haBinal, but to the neural side, th4 
eventual termination of the intestine on the h8E?nial side being 
the result of a second change in its direction. 

How far this neural flexure of the intestine really prevails 
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among the Piilmogasteropods is a question which must be 
decided by more extensive investigations than I have as yet 
been enabled to carry out. 

XIV. The Pteropoda. 

The members of this class are small, or even minute, mob 
loses; all marine in habit, and for the most part pelagic, or 
swimmers at the surface of deep seas. Like the two preceding 
groups, they possess three principal pairs of ganglia ; an odonto- 
phore ; a mantle, which is not divided into two lobes, and which 
secretes a univalve shell, if any. But the propodium, mesopo- 
dium, and metapodiuin are usually rudimentary, and locomotion 
is almost wholly effected by the epipodia, which are enormously 
developed, and, in most of the genera, perform the office of 
aquatic wings still more efficiently than those of the Aplysiae, 
Furthermore, the intestine is flexed towards the neural side of 
the body ; and the head, with the organs of sight, are usually 
quite rudimentary. I include in this group not only Or ism, 
Gleodora, Eyalma, Pneumodermon, Sic., but also the aberrant 
genus Dentalium* 


XV. The Cephalopoda. 

This class comprises the Poulpes, the Cuttle-fishes, the 
Squids, and the pearly Nautilus ; and it is definable by most 
marked and distinct characters from all the preceding, though 
it resembles them in fundamental characters. Thus, the mantle 
is related to the body, as in Pteropoda and Gasteropoda ; when 
an external shell exists it is composed of a single piece ; and the 
Cephalopods have an odontophore constructed upon just the 
same principle as tliat of the other classes. The nervous 
system, the foot, and tlie epipodia exhibit the same primary 
relations as in these groups, and there is a distinct head, with 
ordinarily well-developed optic and olfactory organs. That 
which essentially characterises the Cephalopoda, in fact, is simply 
the manner in which, in the course of development, the margins 

* Dentalium resembles the Pteropoda in its rudimentary head, thenouml flexure 
of its intestine, its epipodial lobes, and the character of its larva. 
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of the foot proper and the epipodia become modified and change 
their relations. The margins of the foot are produced into more 
or less numerous tentacular appendages, often provided with 
singularly constructed suckers, or ace tabula ; and the antero- 


Fig. 17. 



Fig. 17. — Diiigraminatic section of a female Oplialopod (Srpia officinalis), a, Buccal mass 
surrounded by the lijw, and showing the iioriiy jaws and tongue ; 6 , a'Knpl.ngns ; c, 
salivary gland ; d, stomach ; c, pyloi ic ca?cum ; f, the funnel ; the intestine ; 4, the 
anus ; i, the ink-lwg; A, the ]>lace of the systemic heart; I, the liver ; n, the heiiatic 
duct of the left side; o, the ovary ; p, the oviduct; 7 , one of the ajieituies by which 
the atiial system of water-chambers is placed iii communication witii theexteiior; 
r, one of the braiichifie ; s, the princijml ganglia aggregated round tiie (esophagus ; m, 
the mantle; sA, the intenial shell, or cuttle-bone. 1, 2, 3, 4, 5, the produced and 
modided margins of the foot, constituting the so-called “aims*’ of the Sepia, 

parts of each side of tlie foot extend forwards beyond the 
liead, uniting with it and with one another ; so tlitit, at length, 
the mouth, from having been situated, as usual, above the 
anterior margin of the foot, comes to be placed in the midst of 
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it. The two epipodia, on the other hand, unite posteriorly above 
the foot, and where they coalesce, give rise either to a folded 
muscular expansion, the edges of which are simply in apposition, 
as in Nautilus; or to an elongated flexible tube, the apex of 
which projects beyond the margin of the mantle (Fig. 17,/), 
and is Ciilled the funnel or infundibulum, as in the dibranchiate 
Cephalopoda. 

The Cephalopoda present a vast number of the most interest- 
ing features, to which it would be necessary to devote much 
attention if we were studying all the organic peculiarities mani- 
lestod by the class ; but it is in the characters of foot and of the 
e])ip()dium that the definition of the class must be chiefly sought. 
Jn addition, the flexure of the intestine is, in all Cephalopods, 
neural ; and the mouth is always provided with a horny or more 
or less calcified beak, like that of a parrot, composed of two 
curved jiiecos, which move in the median antero-posterior plane 
of the body ; and one of which, that on the neural side, is always 
longer than the other. 

XVT. The Fciiinodeumata. 

The star-fishes, sea-urchins, sea-cu cumbers, trepangs, and 
feather-stars — known technically as Asteridea, Echinidea, Hole- 
thuridea, Ophiuridea, Crvmidea, &c., arc marine animals which 
differ vastly in external appearance, though they all, in the 
adult state, present a more or less definitely radiate arrange- 
ment of some parts of their organization. 

That which most remarkably distinguishes the Echmoder- 
mata is the nature of the embryo, and the strange character of 
the process by which the adult form is originated by a secondary 
development within that embryo. 

In the great majority* of the Echimdermata, the develop- 
ment of which has been examined, the impregnated egg gives 
rise to a free-swimming, ovoid, ciliated embryo, the cilia of 

* In Ophiolepts squamata and Ju hinaster sepoaitus, tlio Jarva appears to attain 
only a very imperfect statu of development before the appearance of the ecliinoderm 
body ; and careful ro-cxumiuatioii is required to decide how fur tlie lurvee of these 
animals aro truly bilaterally symmetrical. 
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which soon become restricted to, and, at the same time, largely 
developed upon, one, two, or more bands, which are disposed 
either transversely, or more or less obliquely to the longitudinal 
axis of the body, but wliich ans in any case, bilaterally sym- 
metrical (Fig. 18). 

h\. IS. 



IS . — Dinfuani exhibit iiijj tl/e ^eneial |(lim of tin; «It‘vrloj)rnM»t of tlie Echinoilemts 
(alter MUller). — A. (^>iniuc)jj toiin wla-iKT the Holotliiiml (li, V> j ainl Ophiiirid or 
^liinid (C, ('j') laiva; are deiived. D, !>'. Younj^er uiid more udvaneed stji^es of the 
Asterid [JUjnnndrin) larvie. a. Mouth, h. Stomaeh. c. liitt-htine. d. Auuh. 
t*. Ciliated band. c\ Second or antt-nor cili.ited ciiclet. 

The parts of the body which carry the ciliated band, or 
bands, often become developed into processes, which corres])ond 
upon each side of the body, and thus render its bilateral sym- 
metry more marked (Fig. 18, C', D'). And, in the larvce of 
some Echinidea and Ojphiuridea, other bilaterally symmetrical 
processes are developed from parts of the body which do not lie 
in the course of the ciliated bands. 

The larvtc of Asttridea and llohihuridea are devoid of any 
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contmuouB skeleton, but those of Ophiuridca and Echinidea 
possess a very remarkable bilaterally symmetrical, continuous, 
calcareous skeleton, which extends into, and supports the pro- 
cesses of the body (Fip^. 21). 

A distinctly defined alimentary canal early makes its ap- 
pearance in these Echinoderm larvae. Tt is divided into a well- 
marked oral and oesophageal portion, a globular stomach, and a 
short intestine terminating in an anal a]><Ttnre (Figs. 18 and 19). 
All the parts of the alimentary canal are disposed in a longi- 
tudinal and vertical ])lane, dividing the larval body into two 
symmetrical halves ; but the oesophageal and intestinal portions 
are so disposed as to make an angle, open towards the ventral 
side, with one another. No nervous, or other organs, besides 
those indicated, have as yet been discovered in these larvae. 

Kijr. 10. 



^|J^. 10.— A young Asferid larva (after Mtiller).— A. Vential. B. Uteial view of the 
lai-va. C. Commencing )udiment of the stnrfiHh. a. Mouth. 6. (Esophagus. 
c\ Stomach, c '. Intestine, o. Anus. ar. Anterior, and t/, principal ciliated band. 
A. Ca-cal diverliculum, forming the rudiment of the ambulacral vascular system, and 
opening extenmlly by the pore, ff. k\ Perisoma of the starfish. 


Tig. 20. 
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Fig. 21. 



Kig. 21. — Development of an I^rJiinid larva (after Miiller). — A, oarliost, ami B, later 
condition of larva. C. The Kchinid imago dcvelope»l within and nearly obliterating 
the larva. 


After swimming about in this condition for a while, tlie 
larva begins to show the first signs of those cliangos by wliicli 
it is converted into the adult Echinodcrm. An involution of 
the integument takes place upon one side of tlie dorsal i*egion 
of the body, so as to give rise to a cmcal tube, which gradually 
elongates inwards, and eventually reaches a mass of formative 
matter, or blastema, aggregated upon one side of the stomach. 
Within this, the end of the tube becomes converted into a 
circular vessel, from which trunks pass off, radially, through the 
enlarging blastema. The latter, gradually expanding, gives rise 
in the Eehintdea, the Asteridea, the Ophiuridea, and the Crinoidea, 
to the body-wall of the adult; the larval body and skeleton 
(when the latter exists), with more or less of the primitive 
intestine, being either cast off as a whole, or disappearing, or 
becoming incoiporated with the secondary development, while 
a new mouth is developed in the centre of the ring formed by 
the circular vessel. The vessels which radiate from the latter 
give off diverticula to communicate with the cavities of nu- 
merous processes of the body — the so-called feet — which are 
the chief locomotive organs of the adult. The radiating and 
circular vessels, with all their api^endages, constitute what is 
known as the “ ambulacral system and, in Asterids and 
Echinids, this remarkable system of vessels remains in commu- 
nication with the exterior of the body by canals, connected ith 
perforated portions of the external skeleton — the so-called 
madreporic canals ” and " tubercles.” In Ophiurids the per- 
sistence of any such communication of the ambulacral system 
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with the exterior is doubtful, and still more so in Crinoids. In 
Holothurids no such communication obtains, the madreporic 
canals and their tubercles depending freely from the circular 
canal into the perivisceral cavity. 

Whether the larva possessed a skeleton or not, the adult 
Eehinoderm presents a calcareous framework which is developed 
quite independently of that of the larva. This skeleton may 
be composed of mere detached spicula,or plates, as in the Holo- 
thurids ; or of definitely disposed ossieula, or regular plates, as 
in other Echinoderms. In the latter case its parts are always 
disposed with a certain reference to the disposition of the 
ambulacral system, and hence have a more or less distinctly 
radiate arrangement. It might be expected, in fact, that the 
arrangement of the organs of support should follow more or 
less closely that of the chief organs of movement of the adult 
Eehinoderm, and it is not surprising to find the nervous system 
similarly related. It is, in all adult Echinoderms, a ring-like, 
or polygonal, ganglionated cord, situated superficially to that 
part of the ambulacral system which surrounds the mouth, and 
sending prolongations parallel with, and superficial to, the 
radiating ambulacral trunks. 

The reproductive organs of the Echinoderms, which usually 
open upon, or between, parts of the radially disposed skeleton, 
commonly partake of the radial symmetry of that skeleton ; but 
they have no such radial symmetry in the Holothuridea. 

The alimentary canal of the adult Eehinoderm is still less 
dependent upon the skeleton, and only in one group, the 
Aateridea, exhibits anything approaching a radiate disposition. 
Where skeletal elements are developed around the mouth or 
gullet, however, they have a radial disposition; as, e. g., the 
parts of the so-called “ lantern of Aristotle.*’ 

The vascular system which exists in many, if not all, adult 
Echinoderms, but the true nature of which is by no means 
understood at present, is closely related both to the alimentary 
and to the ambulacral systems, and partakes of the disposition 
of both. 

No Eehinoderm whatsoever has its organs, internal or ex- 
ternal, disposed with that absolute and perfect radial symmetry 
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'whicli is exhibite d bv f\ Medusa, the tcndeiu'v towards that kind 
of symmetry being always disturbed, eitlier by the disposition of 
the alimentary canah or by that of some part of the amlml acral 
apparatus. Tory often, as in the Spatangoid sea-urchins, and in 
many Hohihuridea, the am\)ulacral and iutvous systems alone 
exhibit traces of a radial arrangement : and in the larval state, 
as we have seen, radial symmetry is totally absent, the young 
Echinoderm exhibiting as comj)lete a bilateral symmetry as 
Annelids, or Insects. 

XVII. The Scolecida. 

Nothing can be more definite, it appears to me, than the 
class Echinodermaia, the leading characteristics of which have 
just been enumerated ; but it is a very difficult matter to say 
whether the seven groups, some of considerable extent, which 
are massed under the present head, are rightly associated into 
one class, or should be divided into several. The seven groups 
to which I refer are the Eoiifera (or Wheel-animalcules), the 
Turhdlaria, the Tt'ematoda (or flukes), the Tnmiada (or tape- 
worms), the Nematoidea (or threadworms), the Acanihocephala, 
and the Gordiacea, Of these, five are composed of animals 
pamsitic upon others; and exhibiting the anomalies of struc- 
ture and of development which might be expeeb'd from crea- 
tures living under such exceptional conditions. 

There is one peculiarity of organic structure which the first 
four of these groups certainly have in common ; they all present 
what is termed the “ water-vascular system,” — a remarkable set 
of vessels which communicate with the exterior by means of 
one, or more, apertures situated upon the surface of the body, 
and branch out, more or less extensively, into its substance. 

In the Rotifer a the external aperture of the water- vascular 
system is single, and situated at the hinder end of the body ; 
it communicates with a large, rhythmically contractile, sac, 
whence two trunks proceed, which usually give off short lateral 
branches, and terminate in the ciliated “ trochal disk ” of the 
Rotifer, in the middle of which its mouth is placed. Both the 
lateral offshoots and the terminal branches contain vibratile 
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cilia. The Trematode and Tsenioid worms have a similar, but 
usually much more ramified apparatus ; and it is interesting to 
observe that, in these animals, as in the AspidogaMet ciMchicola 
(Fig. 22), the water-vascular system becomes divided into two 


Fig. 22. 



Fig, 22. — A. Water-N nRculnr system of Aspidotjaster conchicola ; a, terminal pore; 
6, l.iteml contractile vessels ; c, lateral ciliated trunks, tlmt of the left side shaded ; 
d, dilatation of this ti unk ; B, one of the larger, and C, one of the smaller, ciliated 
vessels. 

distinct portions, one with contractile and non-ciliated walls, 
the other with non-contractile and ciliated walls. In some 
Turhellaria the apertures of the water-vascular apparatus are 
multiple ; while it would seem that in others, as the Nemertides, 
the apparatus becomes shut externally in the adult state, and 
consists mainly, if not exclusively, of contractile vessels. The 
difficulties of observation are here, however, very great, and 
I would be understood to expr(*8s this opinion with tdl due 
caution. 

lu none of these animals has any other set of vessels than 
those which appertain to the water- vascular system (if I am 
right in my view of the vessels of the Nemertidse) been ob- 
served, nor has any trace of a true heart been noticed. The 
nervous system consists of one, or two, closely approximated 
ganglia. 

I'his sum of common characters appears to me to demand 
the union of the Boitfera, Turhdlaria, Tremaioda, and Tasniada 
into one great assemblage. Ought the Nematoid worms to be 
grouped with them ? If the system of canals, in some cases 
contractile, which open externally near the anterior part of 
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the body (Pig. 23), and were originally observed by Von 
8iebol 1, and since by myself and others, are to be regarded as 
homologous with the water-vessels of the TrenuUoda, this ques- 
tion must, I think, be answered in the affirmativa It is almost 
the only system of organs in the Nemaioidea which giv^ us a 
definite zoological criterion, the condition of the nervous 83rstem 
in these animals being still, notwithstanding the many inquiries 
which have been made into the subject, a matter of great 
doubt 



Fig. 23, — Oxyuris.^a. Mouth. 6. Pharynx, c. Commencemeut of intestine, and d its 
termination ; tiie intermediate portion is not figured, e. Genital aperture, f. Open* 
ing of vessels, g. Their receptacle, h. One of the vessels, t. Cellular matter 
enveloping them. A portion or one of the contractile vessi'ls is represented above, 
more highly magniBed. 


In habit and feature, the Oordiacea, filiform parasites which 
inhabit the bodies of insects, and leave their hosts only to breed, 
resemble the Nemaioidea so much that there can be no doubt 
that their systematic place must be close to that of the latter. 

The structure of the Aoanthocephala, comprising the formid- 
able Echinorhynchue (Fig. 24) and its allies, is pretty clearly 
made out. They are vermiform parasites, like the Taeniada^ 
devoid of any mouth or alimentary canal, but provided with a 
proboscis armed with recurved hooks. The proboscis is sup- 
ported within by a sort of rod-like handle, wheneo a cord is 
continued, to which the reproductive organs are attached. A 
single ganglion is seated in the handle ” of the proboscis. 
Immediately beneath the integument lies a series of reticulated 
canals containing a clear fluid, and it is difficult to see with 

E 
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what these can correspond if not with some modification of the 
water-vascular system.* 


Fig. 24. 



Fig, 24, — ^The Echinorhynchus ot the Flounder. — A. Diagram exhibiting the i*elntl^'e 
)K>sitioii of the organs, a. Prolwscis. h. Its stem. c. Anterior enlargement, d. 
Body. e. Posterior “ funnel.’* /. Neck. ff. Meniscus, h. Superior oblique tubu- 
lar bands, k. Inferior muscles of the proboscis, /, m. (Jenitalia. o. Penis, or 
vulva. B, Lower extremity of the stem of the proboscis, a. fJanglion. b. Inter- 
space. d. Outer coat, c. Inner wall. e. Tubular band, with the nerve h. f. Mus- 
cular bands, y. Suspeusorium of the genitalia. C. Part of the female genitalia, 
n. Ovary, ft ft. Ducts leading from ovaiy to uterus (spermiducts ?). c. Open mouth 
of oviduct, d, Uterus and vagina. 


XVIII. The Annelida. 

This is a cletss of large extent, containing the leech, the 
earthworm, the SipunciUua, the lobworm, the seamousc and 
Polynoe (Fig. 25), the Serpvla, and the Spirorhis. 

All the members of this class possess a nervous system, 
which consists of a longitudinal series of ganglia, situated along 
one side of the body, and is traversed anteriorly by the 
oesophagus ; the prae-oesophageal, or so-called “ cerebral,” ganglia 

♦ The investigations of Lenckart, while they demonstrate still more clearly the 
dose affinity which exists between the Acanthocephala and the Tamtada— by 
proving the adult worm to arise by secondary growth within a hooked embryo, in 
the former ease as in the latter — ^leave some doubt upon the nature of the reticu- 
lated canals. According to Leuokart, they are the remains of the cavity which 
primitiydy lies between the waU of the embryo and the contained rudiment of the 
adult Aoanthooepholan body. 
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being connected by lateral commissural cords with the post- 
oesophageal ganglia. 

In many of these animals the body is divided into segments, 
each of which corresponds with a single pair of ganglia of tlie 
chain, and each of these segments may be provided with a pair 
of lateral appendages ; but the appendages are never articulated ; 
and are never so modified, as to be converted into masticatory 
organs, in the cephalic region of the body. 

No Annelid ever possesses a heart comparable to the heart 
of a Crustacean, or Insect ; but a system of vessels, with more 
or less extensively contractile walls, containing a clear fluid, 
usually red or green in colour, and, in some rare cases only, 
corpusculated, is very generally developed, and sends pro- 
longations into the respiratory organs, where such exist. This 
has been termed the ‘‘ pseudo-hoomal ” system ; and I have 


Kig, ‘J5. 



Fig. 25 . — PolynoS aquamata. 

A. Viewed trom above and enlarged, a, b. Feeler*, c. Cirri, e. Elytra. /. Spare left 

between the two posterior elytra, g. Setae and fimbriae of the elytiii. 

B. Posterior extremity, infeiior view, the appendages of the left side being omitted. 

A, Inferior tubercle. 

C. Section of half a somite with elytron. «. Notopodiom. A. Neuropo<linm, 

D. Section of half a somite with cirrus, 

E 2 
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thongbt it probable that these “ pseudo-hsemal ” vessels are 
extreme modifications of organs homologous with the water- 
vessels of the ScdUeida, As M. de Quatrefages has clearly 
shown, it is the perivisceral cavity with its contents that in 
these animals, answers to the true blood-system of the Crustacea 
and Insects. 

The embryos of Annelids are very generally ciliated, and 
Fig. 26. vibratile cilia are commonly, if not universally, 
developed in some part or other of their organiza- 
tion. In both these respects they present a most 
marked contrast to the succeeding classes. 

XIX. The Ch^tognatha. 

There is a very aberrant marine genus, 8a- 
gitta, the nearest aflSnities of which appear to be 
with the Aimelida, but which is so unlike them 
and every other group as to require a class for 
itself. 

The Sagittm are elongated and transparent 
animals, with rounded heads and tapering caudal 
extremities, which do not usually attain much 
more than an inch in lengtli. 

The head is provided with several, usually six, 
sets of strong bilaterally symmetrical oral setae, 
two of which, long and claw-like, lie at the sides 
of the mouth ; while the other four sets are short, 
and lie on tliat part of the snout which is pro- 
duced in front of the oral aperture. The posterior 
part of the body is fringed on each side by a 
delicate striated fin-like membrane, which seems 
to be an expansion of the cuticle. In some species 
Wg. 2i^—Sag'%tta body is beset with fine setae. The intestine 

bifunctuia, seen . « , 

from below, a, the IS a Simple, Straight tube, extending from the 
is? Ip^nda^” 5 latter opens on the ventral 

6, the anus ; c, surface, just in front of the hinder extremity. A 
ganglion lies in the abdomen, and 
sends, forwards and backwards, two pairs of lateral 
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cords. The anterior cords unite in front of and above the 
mouth, into a hexagonal ganglion. This gives off two branches 
which dilate at their extremities into the spheroidal ganglia, on 
which the darkly pigmented imperfect eyes rest The ovariei^ 
saccular organs, lie on each side of the intestine and open on 
either side of the vent ; receptacula seminis are present. Be- 
hind the anus, the cavity of the tapering caudal part of the 
body is partitioned into two compartments; on the lateral 
parietes of these, cellular masses are developed which become 
detached, and floating freely in the compartment, develope 
into spermatozoa. These escape by spout-like lateral ducts, 
the dilated bases of which perform the part of vesiculm semin^ 
ales. The embryos are not ciliated, and undergo no meta- 
morphosis. 


XX. The Crustacea. 

In this class (Fig. 27), the body is distinguishable into a 
variable number of ** somites,’* or definite segments, each of 
which may be, and some of which always are, provided with a 
single pair of articulated appendages. The latter proposition is 
true of all existing Crustacea : whether it also held good of the 
long extinct TrUohites, is a question which we have no means of 
deciding. In most Crustacea, and, probably in all, one or more 
pairs of appendages are so modified as to subserve manducation. 
A pair of ganglia is primitively developed in each somite, and 
the gullet passes between two successive pairs of ganglia, as in 
the Anndida, 

No trace of a water-vascular system, nor of any vascular 
system similar to that of the Anndida, is to be found in any 
Crustacean. All Crustacea which possess definite respiratory 
organs have branchice, or outward processes of the wall of the 
body, adapted for respiring air by means of water ; the terres- 
trial Isopoda, some of which exhibit a curious rudimentary 
representation of a tracheal system, forming no real exception 
to this rule. When they are provided with a circulatory organ, 
it is situated on the opposite side of the alimentary canal 
to the principal chain of ganglia of the nervous system ; and 
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communicates, by valvular apertures, with the surrounding 
venous sinus — the so-called “ pericardium.” 

The Crustacea vary through such a wide range of organiza- 
tion that I doubt if any other anatomical proposition, in addition 
to those which I have mentioned, except the presence of a 
chitinous integument and the absence of cilia, can be enunciated, 
which shall be true of all the members of the group. 


Fig. 27. 



- V w. liUBLium. t. j eison. iO. 

^brum. a, I^t of the or cephalostegite. os. Oostegite. Br. Branchia. 
Stomach openedfromalH)vc(D), and viewedlatenUly(C). a,6,c. Different parts of the 
armature. ” 
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XXI. The Arachnida. 

It is this extreme elasticity, if I may so speak, of the 
crustacean type which renders the construction of any defini- 
tion of the Crudacea, which shall include all its members and 
exclude the present class, so diiBScult. For the Spiders, 
Scorpions, Mites, and Ticks, which constitute this class, possess 
all the characters which have been just stated to be common to 


Fig. 28. 



Fig. 28. — Diagrammatic aection of a Scorpion, the locomotive members being cut away, 
d, Mouth leading into the pharyngeal pomp. The large labrum lies abo\'e the moud^, 
and at the side of it are the bases of the large chelw, or mandibles, iv., and above 
them the chelicerse, or anteunee. Tl. to xx. Somites of the body. T, I'elson ; 6, intes- 
tine ; c, anus ; (f, indicates the position of the heart, e, the pulmonary sacs ; /, a 
line indicating the position of the ganglionic chain ; p, the cerebral ganglia. 


the Crustacea save one ; when they are provided with distinct 
respiratory organs, in fact, these are not external branchite,. 
adapted for breathing aerated water, but are a sort of involution! 
of the integument in the form of tracheal tubes, or pulmonary/ 
sacs, fitted for the breathing of air directly. But then many or 
the lower Arachnida^ like the lower Crudaeeay are devoid of 
special respiratory organs, and so the diagnostic character fails 
to be of service. 

The following common characters of the Arachnida, how- 
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ever, help out our diagnosis in practice. They never possess 
mote than four pairs of locomotive l iinbs« and the ymites of 
the abdomen, even when the latter is well developed, are not 
provided with lim bs. Again, in the higher Arachnida (Fig. 28), 
^ in the higher Orustcum^ the body is composed of twenty 
somites, six of which are allotted to the head; but, in the 
former class, one of the two normal pairs of antennce is never 
developed, and the eyes are always sessile, while, in the highest 
Cruetaoea, the eyes are mounted upon moveable peduncles, and 
both pairs of antennae are developed. 

XXII. The Myiuapoda. 

The Centipedes and Millipedes (Fig. 29) have the chitinous 
integument of the body divided into somites, provided with 


Fig. 29. 



Fig. 29.— Anterior part of the body of Scohpendra Jlopei (after Newpoit). — A, Anteiior 
part of the body from abore ; B, from below ; A, head proper ; b, anterior thoracic 
•omitea; a, anteune; C, antennae, labrum,and mandibles (iv^ from below ; D/xiuder 
view of head, with the two pairs of maxillae (v' Yi') covering the forcing. 


articulated appendages; and nervous and circulatory organs 
constructed upon a similar plan to those of the former groups. 
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The body consists of more than twenty somites, and those which 
correspond with the abdomen of Arachnida are provided with 
locomotive limbs. 



Fig. 31. 



Fig. 31. — Longitadioal and vertical 
aection of the abdomen of a 
male Cocki*oach {Blatta). — 1, 
2, 3, 4, &c.t terga and stema of 
the abdomen ; t, testia ; r, 
aperture of the vas deferens; 
A, anus. 
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Tlie head consists of at least five, and probably of six, coa- 
lescent and modified somites, and some of the anterior segments 
of the body are, in many genera, coalescent, and have their 
appendages specially modified to subserve prehension. The 
respiratory organs are trachem, which open by stigmata upon 
the surface of the body, and the walls of which are strengthened 
by chitin, so disposed as readily to pull out into a spirally coiled 
filament. 


XXIII. The Insbcta. 

In tliis enormous assemblage of animals the respiratory 
organs are like those of the Myriapoda, with a nervous and a 
circulatory system disposed essentially as in this and the two 
preceding classes. But the total number of somites of the body 
never exceeds twenty. Of these five certainly, and six pro- 
bably, constitute the head, which possesses a pair of antennse, a 
pair of mandibles, and two pairs of maxillee ; the hinder pair of 
which are coalescent, and form the organ called the “ labium.” 

Three, or perhaps, in some cases, more, somites unite and 
become specially modified to form the thorax, to which the 
three pairs of locomotive limbs, characteristic of perfect insects,* 
are attached. 

Two additional pairs of locomotive organs — the wings — are 
developed, in most insects, from the tergal walls of the second 
and third thoracic somites. No locomotive limbs are ever 
developed from the abdomen of the adult insect, but the ventral 
portions of the abdominal somites, from the eighth backwards, 
are often metamorphosed into apparatuses ancillary to the 
generative function (Figs. 30 and 31). 


The female Styhpa is stated to possess no thoracic limbs. 



( 59 ) 


CHAPTER m. 

THE OHABACTEBS. OF THE GLASSES OF THE VEBTEBBATA. 

The five groups of animals which pass under the name of 
Vert^ata — ^the classes Pisces, Atnjphihia, Reptilian Aves, and 
Mammalia — are obviously united and bound together by many 
common characteristics, and are well known to be so connected. 
In order to economise time and space, therefore, I shall preface 
my account of tbe character of these classes by enumerating 
the most important of those structural peculiarities which these 
five great divisions exhibit in common. 

In the animals to which our attention has hitherto been 
confined, the external, or integumentary and parietal, portion 
of the blastoderm never becomes developed into more than a 
single saccular, or tubular, investment, wliich incloses all the 
viscera. So that if we make a transverse section of any one of 
these animals endowed with a sufficiently high organization 
to possess a nervous system and a heart, that section may be 
represented diagrammatically as in Fig. 32 (I.) where P repre- 
sents the parietes or wall of the body, A the alimentary canal, H 
the heart, and N the nervous centres. It will be observed that 
the alimentary canal is in the middle, the principal centres of 
the nervous system upon one side of it, and the heart upon the 
other. In none of these animals, again, would you discover, in 
the embryonic state, any partition, formed by the original ex- 
ternal parietes of the body, between the nervous centres and the 
alimentary canal. 

But, in the five vertebrate classes, the parietal portion ot the 
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blastoderm of the embryo always becomes raised up, upon each 
side of the middle line, into a ridge, so that a long groove is 


Fig. 32. 



Fig. 32. — Diagrams representing geneialised sections of one of the higher Invertebrates 
(I. II,), and of a Vertebrate (111. IV.); I. III. traiisvei-se, II. IV. longitudinal sec- 
tion. A, alimentary canal ; H, heart ; P, parietes of the boiiy ; P', parietes of the 
neutal canal; N, nervous centres of Invertebrate; N*, sjrmpathetic, and N*, cerebro- 
spinal oenties of Veiiebi-ate ; cA, notochord; M, mouth. 


formed between the parallel ridges thus developed; and the 
margins of these, eventually uniting with one another, constitute 
a second tube parallel with the first, by a modification of the 
inner walls of which the vertebrate cerebro-spinal nervous 
centres are developed. Hence it follows that, after any verte- 
brated animal has passed through the very earliest stages of its 
development, it is not a single, but a double tube, and the two 
tubes are separated by a partition which was, primitively, a part 
of the external parietes of the body, but which now lies, in a 
central position, between the cerebro-spinal nervous centres and 
the alimentary canal. Hence, a transverse section of any verte- 
brated animal may be represented diagram matically by Fig. 32 
(III.), where, for the most part, the letters have the same signifi- 
cation as in the foregoing case, but where F denotes the second, 
or cerebro-spinal, tube. The visceral tube (P) contains, as in 
the case of the invertebrate animal, the alimentary canal, the 
heart, and certain nervous centres, belonging to the so-called 
sympathetic system. This nervous system and the heart are 
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sitaated upon opposite sides of the alimentary canal, the sympa- 
thetic corresponding in position and in forming a double chain 
of ganglia, with the chief nervous centres of the invertebrate ; so 
that the cerebro-spinal tube appears to be a super-addition, — a 
something not represented in the invertebrate series. The 
formation of the cerebro-spinal tube of vertebrates, in the 
manner which I have described to you, is a well-established 
fact ; nor do I entertain any doubt that the cerebro-spinal 
centres, viz., the brain and the spinal cord of vertebrates, are the 
result of a modification of that serous layer of the germ which 
is continuous elsewhere with the epidermis. I have taken some 
pains to verify the remarkable discoveries of Eemak in relation 
to this point, and, so far as the chick is concerned, his state- 
ments appeared to me to be fully borne out. But^ as Von 
Baer long ago suggested, it is a necessary result of these facts 
that there can be no comparison between the cerebro-spinal 
nervous centres of the Vertehrata and the ganglionated nervous 
centres of the Inveriehrata, and the homologues of the latter 
must probably be sought in the sympathetic. 

Doubtless in close connection with this profound difference 
between the chief nervous centres of tlie vertebrate and the 
invertebrate is another remarkable structural contrast In all 
the higher invertebrates, with a well-developed nervous system, 
the latter is perforated by the gullet, so that the mouth is 
situated upon the same side of the body as the principal masses 
of the nervous system, and some of the ganglia of the latter lie 
in front of, and others behind, the oesophagus. A longitudinal 
vertical section of such an animal, therefore, may be represented 
by Fig. 32 (n.). 

A similar section of a vertebrated animal shows, on the con- 
trary, the chief centre of the nervous system not to be perforated 
by the oesophagus ; the latter turning away from it and opening 
upon the opposite side of the body (Fig. 32, IV.). 

Another structure sharply distinctive of the vertebrate 
classes is the chorda dorsalis or notochord, an organ of vrliich 
no trace has yet been discovered in any of the inverte- 
brates, though it invariably exists, in early embryonic life at 
least, in every vertebrate. Before the cerebro-spinal canal is 
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complete, in fact, the substance of the centre of its floor, beneath 
the primitive median line of the embryo, becomes differentiated 
into a rod-like cellular structure, which tapers to both its ex- 
tremities; and, in a histological sense, remains comparatively 
stationary, while the adjacent embryonic tissues are undergoing 
the most rapid and varied metamorphoses. 

To these great differences between vertebrates and in- 
vertebrates, in their early condition, many others might be 
added. In all Vertehrata that part of the wall of the body 
which lies at the sides of, and immediately behind the mouth, 
exhibits a series of thickenings parallel with one another and 
transverse to the axis of the body, which may be five, or more, 
in number, and are termed the “ visceral arches.” The inter- 
spaces between these arches becoming thinner and thinner, are 
at length perforated by corresponding clefts, which place the 
cavity of the pharynx in free communication with the exterior. 
Nothing corresponding with these arches and clefts is known in 
the Invertehraia. 

A vertebrated animal may be devoid of articulated limbs, 
and it never possesses more than two pair. I’hese limbs always 
have an internal skeleton, to which the muscles moving the 
limbs are attaclied. Whenever an invertebrated animal jx)ssesses 
articulated limbs, the skeleton to which the muscles are at- 
tached is external, or is connected with an external body 
skeleton. 

When an invertebrated animal possesses organs of mastica- 
tion, these are either hard productions of the alimentary mucous 
membrane, or are modified limbs. In the latter case there 
may be many pairs of them — numerous Crustacea, for example, 
have eight pairs of limbs devoted to this function. In no verte- 
brated animal, on the other hand, are limbs so modified and 
functionally applied, the jaws being always parts of the cephalic 
parietes specially metamorphosed, and totally distinct in their 
nature from the limbs. All vertebrated animals, finally, possess 
a distinct vascular system, containing blood with suspended 
corpuscles of one kind, or of two, or even three, distinct kinds. 
In all, save one, there is a single valvular heart — the vessels of 
the exception, Amjphioxus, possessing numerous contractile dila- 
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tations. All vertebrates possess a ** hepatic portal system,” the 
blood of the alimentary canal never being wholly returned 
directly to the heart by the ordinary veins, but being more or 
less largely collected into a trunk, the ‘‘portal vein,’* which 
ramifies through and supplies the liver. 

These are the most important characters by which the verte- 
brate classes are distinguished, as a whole, from the other classes 
of the animal kingdom ; and their number and importance go a 
long way to justify the step taken by Lamarck when he divided 
the animal kingdom into the two primary subdivisions of Verte - 
braia and Invertahrata. 

XXIV. The Tihces. 

If we seek now to construct definitions of the first two classes 
of the Veriebratay Pisces and Amphibia, we shall meet with 
some difficulties, arising partly from the wide variations ob- 
servable in the structure of fishes, and partly from the close 
affinity which exists between them and the Amphibia, 

No fish exliibits any trace of that temporary appendage of 
the embryo of the higher vertebrates which is termed an amnion, 
nor can any fish be said to possess an allantois, though the 
urinary bladder of fishes may possibly bo a rudiment of that 
structure. The posterior visceral clefts and arches* of fishes 
persist throughout life, and are usually more numerous than in 
other vertebrates ; while upon, or in connection with, them are 
developed villi, or lamellro, which subserve the respiratory 
function. 

Median fins, formed by prolongations of the integument, 
supported by one or other kind of skeleton, are very character- 
istic of fishes ; and it is questionable if any fish exists altogether 
devoid of the system of median fin-rays and their supports, 
which have been termed inter-spinous bones and cartilages. 
On the other hand, no vertebrate animal, other than a fish, is 
known to possess them. 

When the limbs, or pectoral and ventral fins, of fishes are 

** The relation of the perforated pharynx of Amphioxm to the visceml arches and 
okfts is not known. 
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developed, they always exhibit a more or less complete fringe 
of fin-rays. No amphibian is known to possess such rays in its 
lateral appenflages, but there is some reason to believe that the 
extinct Ichihtjosauria may have been provided with them. 

In most fishes, the nasal sacs do not communicate directly 
with the cavity of the mouth, but the Myxinoids and Lejpidosiren 
are exceptions to this rule. 

The blood-corpuscles of fishes are always nucleated, and are 
commonly red, but by a singular exception those of Amj^hioxus 
(the Lancelet, which is an exception to most rules of piscine 
organization) are colourless. 

Almost all fishes have the heart divided into two chambers, 
one auricle and one ventricle ; but AmphioxuSy as I have pre- 
viously stated, is devoid of any special heart, being provided 
instead with a number of contractile, vascular dilatations ; while 
Lepidosiren possesses two auricles, and, at the same time, is 
provided with true lungs. 

It is useless, therefore, to appeal to the olfactory organ, the 
blood, the heart, or the respiratory organs, for characters at once 
universally applicable to, and diagnostic of, fishes. 

XXV. The Amphibia. 

The Batrachians, Salamandroids, Ceeciliaiy and Labyrintho- 
donts resemble fishes, and differ from all other vertebrates in 
the entire absence of an amnion, and in having only the urinary 
bladder to represent the allantois. They have red nucleated 
blood-corpuscles. Yet again, they resemble fishes and differ 
from all other vertebrates in the fact that filaments exercising a 
respiratory function, or branchice, are developed from their 
visceral arches during a longer or shorter period. 

Some possess median fins, but these are not supported by 
fin-rays, and their limbs are never fringed with fin-ray& 

Furthermore, in all Amphibia which possess limbs, the skele- 
ton of these limbs is divisible into parts which obviously corre- 
spond with those found in the higher vertebrates. That is to 
say, in the fore limbs there are cartilages, or bones, answering in 
their essential characters and arrangement to the humerus, radius 
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and ulna, carpus, metacarpus, and phalanges ; and, in the hind 
limb, to the femur, tibia and fibula, tarsus, metatarsus, and pha- 
langes of the higher vertebrates. This is tlie case in no fish ; 
for, whether fishes possess parts corresponding with the humerus, 
radius and ulna, &e., or not, it is certain that the elements of 
their limb skeletons are very differently disposed from the 
arrangement which obtains in Amphi})ia and in higher verte- 
brates. 

In all Amphibia the skull articulates with the spinal column 
by two condyles, and the basi- occipital remains unossified. 

This is a character by which the Amphibia are sharply dis- 
tinguished from the higher vertebrates. 

There is a striking contrast between tlie close affinity of the 
fish and the amphibian and the wide separation of the Amphibia 
from the succeeding classes, all of which possess, in the 
embryonic state, a well-developed amnion and allantois, the 
latter almost alw^ays taking on, directly or indirectly, a respi- 
ratory function. 

The amnion is a sac filled with fluid, which envelopes and 
shelters the embryo, during its slow assumption of the condition 
in which it is competent to breathe and receive food from with- 
out. The mode of its formation is shown in the accompanying 
figures of the early stages of development of the common fowl. 
Fig. 83, A, represents the first stop in the differentiation of the 
embryo from the central portion of the blastoderm — that thin, 
membranous, cellular expansion which lies on the surface of the 
yelk where we see the cicatricula, or “ tread.” A well-defined, 
though shallow, straight groove, the “ primitive groove,” bounded 
at the sides by a slight elevation of the blastoderm, indicating the 
position of the future longitudinal axis of the body of the chick. 
Soon, the lateral boundaries of this groove, in what will become 
the anterior region of the body, grow up into plates— the dorsal 
laminm (Fig. 33, B); and these dorsal laminm, at lengtli 
uniting, inclose the future cercbro-spinal cavity (Fig. 33, C, D). 
The blastoderm, beyond the region at which the dorsal laminae 
are developed, grows downwards to form the ventral laminae, and 
where the margins of these pass into the general blastoderm, 

F 
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the outer, serous, or epidermic, layer rises up into a fold, which 
encircles the whole embryo ; and the anterior and posterior parts 


Fig. 33. 



Fig. 33. — development of the Cliick. 

A. First rudiment of the cnibrjo; a, its cephalic; h, its caudal end ; c, primitive groove. 

B. The embryo further advanced ; a, 6, c, as before; d, the dorsal laminoQ developed in 

tlie cephalic region only, and nearly uniting in the middle line ; e, the proto-vertebrae. 

C. Lettere as before. The dorsal laminae have unite*l throughout the greater part of the 

cephalic region, and are beginning to unite in the anterior spinal region. 

D. Embryo further advanced (second day), the dorsal laminae having united tliroughout 

nearly their whole length. The proto-vertebrae have increased in number, and the 
omphalo-meseraic veins, /, are visible. 

The embryos are diawn of the same absolute length, but it will be understood that the 
older embryos aia, in nature, longer than the younger. 
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of this fold growing more rapidly than the lateral portions, fomi 
a kind of hood for the cephalic and caudal ends of the body 
respectively (Fig. 34, E). The margins of the hoods and of 
their lateral continuations at length meet oyer the middle line 
of the body, and there coalesce : so that the body is covered for 
a while by a double sac, the inner layer of which is formed by 
that wall of the fold of the serous layer which is inferior, or 
nearest to the body of the embryo; while the outer layer is 
formed by that wall which is superior, or furthest from the body 
of the embryo. The outer layer eventually disappears as a dis- 



Fig. 34. — Development of the Chick. 

E. Embryo at the third day ; g, hejirt ; A, eye ; i, ear ; A, visceral arches and clefts ; 

/, m, anterior and posterior folds of the amnion, which have not yet united over the 
body; 1, 2, 3y first, second, and third cerebial vesicles ; la, vesicle of the third 
ventricle. 

F. Chick at the fifth day ; n, o, rudiments of the anterior and posterior ejitremities ; Am, 

amnion; A//, allantois; 17m, umbilical vesicle. 

G. Under view of the head of the embi yo F, the first vit^ieral arch being cut away. 

F 2 
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tinct structure, while the inner remains as the amnion. From 
the mode of formation which has been described, it results that 
the amnion is a shut sac, enveloping the body of the embryo ; 
and is continuous, on the ventral side of the body, with the in- 
tecfument of a region which eventually becomes the umbilicus 
(Fig. 34, F). 

The allantois is developed much later than the amnion, 
neither from the serous nor from the mucous (or epidermic and 
epithelial) layers of the germ, but from that intermediate stratum 
whence the bones, muscles, and vessels are evolved. It arises, 
as a solid mass, from the under part of the body of the embryo, 
behind the j)rimitive intestinal cavity ; and, enlarging, becomes 
a vesicle, which rapidly increases in size, envelopes the whole 
embryo, and, being abundantly supplied with arterial vessels 
from the aorta, serves as the great instrument of respiration 
during footal life; the porosity of the egg-shell allowing the 
allantoic blood to exchange its excess of carbonic acid for 
oxygen by osmosis. 

The amnion and the external part of the allantois are thrown 
off at birth. 

That which has just been stated respecting the development 
and characters of the amnion and allantois of the chick is true 
not only of all Birds, but of all BeptUia. 

XXVL The Reptilia. 

All embryonic Reptilia are provided with an amnion and an 
allantois, like those just described in the foetal fowl. In the 
embryonic state, also, they possess visceral arches and clefts, but 
no respiratory tufts are ever developed in the arches, nor are 
reptiles endowed with an apparatus for breathing the air dis- 
solved in water at any period of their existence. The skull of 
all BepiUia is articulated with the vertebral column by a single 
condyle, into which the ossified basi-occipital enters largely 
(Fig. 35;. Each ramus of the lower jaw is composed of a number 
of pieces, and articulates with the skull, not directly, but by the 
intervention of a bone — ^the os quadratum — with which the 
hyoidean apparatus is not immediately connected (Fig. 36). 




Fig, 36. — The skull of a Lizard (Cyclodus). — D Dentary piece of the lower jaw ; 

Ar, Articular piece ; Qu, Os quadratum ; Sq. i^quamosal. 


flying reptiles, the PierodadyleB, being constructed on a totally 
different principle from that of a bird. In no known reptile are 
the metatarsal and tarsal bones ankylosed into one bone, except, 
perhaps, in the extinct genus Comjpsognathm, 

In all Ee$itUa the greater and lesser circulations are directly 
connected together, within, or in the immediate neighbourhood 
of, the heart ; so that the aorta, w^hich is formed by the union 
of two arches, contains a mixture of venous and arterial blood. 
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The blood is cold, and the majority of the blood-corpnscles are 
red, oval, and nucleated. The bronchial tubes are not connected 
at the surface of the lungs with terminal saccular dilatations, 
or air-sacs. When, as is ordinarily the case, the superficial 
layers of the epidermis of Eeptiles arc converted into horn, the 
corneous matter takes the form of broad plates, or of overlapping 
scales, neither plates nor scales being developed within pouches 
of the integument. 


XXVII. The Aves. 

The class of Birds consists of animals so essentially similar 
to Eeptiles in all the most essential features of their organiza- 
tion, that these animals may be said to be merely an extremely 
modified and aberrant Eeptilian type. 

As I have abeady stated, they possess an amnion and a respi- 
ratory allantois, and the visceral arches never develop branchial 
appendages. The skull is articulated with the vertebral column 
by a single condyle, into which the ossified basi-occipital enters 
largely. Each ramus of the lower jaw, composed, as in 
Eeptiles, of a number of pieces, is connected with the shull 
by an os quadratum, to which the hyoidean apparatus is not 
suspended. 

In no existing bird does the terminal division of the 
fore-limb possess more than two digits terminated by claws, 
and the metacarpal bones are commonly ankylosed together, 
so that the **manus is of little use, save as a support for 
feathers. 

In the hind limb of all birds the distal tarsal bone and the 
metatarsal bones become more or less completely ankylosed 
together, so as to form a single osseous mass, the “ tarso-meta- 
tarsus.” 

The greater and lesser circulations of birds are completely 
separate, and there is only one aortic arch, the right. The right 
ventricle has a muscular valve. The blood is hot, hotter on the 
average than that of any other vertebrates, and the majority of 
the blood-corpuscles are oval, red, and nucleated. The bron- 
chial tubes open upon the surface of the lungs into air-sacs, 



THE AVES. 


71 


which differ in number and in development in different birds. 
Lastly, the integument of birds is always provided with horny 
a})pendaL!:e8, which result from the conversion into horn of the 
cells of the outer layer of the epidermis. But the majority of 
these a])pendage8, which are termed feathers,” do not take 
the form of mere plates developed upon the surface of the skin, 
but are evolved within sacs from the surfaces of conical papilla? 
of the dermis. The external surface of the dermal papilla, 
whence a feather is to be develo}>ed, is provided upon its dorsal 
surface with a median groove, wdiich becomes shallower towards 
the apex of the papilla. From this median groove lateral 
furrows proceed at an open angle, and passing round upon the 
under surface of the papilla, bc'come shallower, until, in the 
middle line, opposite the dorsal median groove, tJiey become 
obsolete. Minor grooves run at right angles to the lateral 
furrows. Hence the surface of the papilla has the character of 
a kind of mould, and if it were repeatedly dipped in such a 
substance as a solution of gelatine, and withdrawn to cool until 
its whole surface was covered with an even coat of that sub- 
stance, it is dear that the gelatinous coat would be thickest at 
the basal or anterior end of the median groove, at the median 
ends of the lateral furrows, and at those endo of the m’uor 
grooves which open into them ; while it would be very thin at 
the apices of the median and lateral grooves, and between the 
ends of the minor grooves. If, therefore, the hollow cone of 
gelatine, removed from its mould, were stretched from within ; 
or if its thinnest parts became weak by drying ; it would tend 
to give way, along the inferior median line, opposite the rod- 
like cast of the median groove and between the ends of the 
casts of the lateral furrows, as well as between each of the 
minor grooves, and the hollow cone would expand into a flat 
feather-like structure with a median shaft, as a “ vane ” formed 
of “ barbs ” and “ barbules.” In point of fact, in the develop-' 
ment of a feather such a cast of the dermal papilla is formed, 
though not in gelatine, but in the homy epidermic layer 
developed upon the mould, and, as this is thrust outwards, it 
opens out in the manner just described. After a certain period 
of growth the papilla of the feather ceases to be grooved, and a 
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continuous homy cylinder is formed, which constitutes the 
« quill.” 


XXYIIT. The Mamhalia. 

All Mammals possess an amnion of an essentially similar 
character to that of Birds and Eeptiles, and all have an allan- 
tois. But the latter either ceases to exist after a very early 
period of fcetal life, or else it is “ placentiferous,” and serves as 
the means of intercommunication between the parent and the 
offspring. Of the nature and characters of the “placenta” 
developed in the majority of the Mammalia I shall speak more 
particularly by and by. For the present, I pass it over as a 
structure not universally characteristic of the class. 


Fig. ;57. 



Fig. 37. — The occipital condyles of a Log’s skull viewed from behind. — ^Signification of 
the letters as in Fig. 35. 


The visceral arches are, tlirougliout life, as completely 
devoid of branchial appendages in Mammals, as in Birds and 
Eeptiles. In the skull, the basi-occipital is well ossified, and, 
with the ex-occipitals, enters into the formation of the cranio- 
spinal articulation ; the occipital condyle thus formed, however, 
is not single, as in Ueptiles and Birds, but double, and the atlas 
has corresponding articular facets. 

Each ramus of the lower jaw is composed of only a single 
piece, and this articulates directly v^uth the squamosal bone of 
the skull, and not with the representative of the quadrate 
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bone. The representative of the quadrate bone of the lower 
Vert^rata is appropriated^ as malleus, to the service of the organs 
of hearing. 

The brain possesses a carpus callosum. 

The greater and lesser circulations of Mammals are as com- 
pletely distinct as in Birds, and there is but a single aortic arch, 
the left. The majority of the blood-corpuscles are red, hree 
nuclei, and these are always discoidal, and usually circular in 
form. The blood is hot. There is a complete diaphragm, and 
none of the bronchi end in air-sacs, like those of Birds. 


Fig. 38. 



Fig. 38. — The skull of a Dog. — i>. liamus of the lower jaw ; Sq, Squamosal. 


Some part or other of the integument of all Mammals 
exhibits “ hairs ” — horny modifications of the epidermis — which 
so far resemble feathers, that they are developed upon papilJm 
inclosed within sacs; but, on the other hand, differ from tho 
horny appendages of birds, in not splitting up as they are pro- 
truded, in the fashion so characteristic of feathers. 

Finally, all Mammals are provided with organs for the secre- 
tion of a fluid which subserves the nourishment of the young 
after birth. The fluid is milk; the organs are the so-called 
** mammary ” glands, and may probably be regarded as an ex- 
treme modification of the cutaneous sebaceous glands. These 
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glands are aggregated into two or more masses, disposed upon 
each side of the median line of the ventral surface of the body ; 
and, in almost all Mammals, the aggregated ducts of each mass 
open upon an elevation of the skin common to all — the nipple 
or teat. To this the mouth of the newly-born Mammal is 
applied, and from it, either by suction on the part of the young, 
or by the compressive action of a special muscle on the part of 
the parent, the nutritive fluid makes its way into the stomach 
of the former. 
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CHAPTER IV. 

ON THE ABRANGEMENT OP THE CLASSES INTO LAUGEB 
GROUPS. 

Having now arrived at the end of tlio list of classes, and 
obtained a comprehension of the structural features common to, 
and characteristic of, each class, it will be proper next to discuss 
the relations of these classes one to another, and to inquire how 
far they present such common characters as will enable us to 
group them into larger divisions. 

And, to commence with the highest classes, it is clear that 
the Mammalia^ Avea, and Reptilia are united together by certain 
very striking features of their development. All possess an 
amnion and an allantois, and are devoid, throughout life, of any 
apparatus for breathing the air which is dissolved in water. 
Thus they have been termed Abranchiate Vektebrata, in 
contradistinction to Pisces and Amphibia, which possess no 
amnion, nor allantois (or at most a rudimentary one), and, 
being always provided at a certain period, if not throughout 
life, with branchim, have been called Branchiate Veutebrata. 

The Abranchiate, however, form a far less homogenous as- 
semblage than the branchiate Vertehroda — Mammals being so 
strongly separated from Reptiles and Birds tliat 1 am disposed 
to regard them as constituting one of three primary divisions, 
or provinces, of tlie Vertehraia, The structure of the occipital 
condyles, the structure and mode of articulation of the mandi- 
bular rami, the presence of mammary glands, and the non* 
nucleatcd red blood-corpuscles appear to separate Mammals as 
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widely from Birds and Beptiles as the latter are separated from 
Amphibia and Fishes. 

Thus the classes of the Vertehrata are capable of being 
grouped into three provinces : (I.) the Iciithyopsida (com- 
prising Pisces and Amphibia\ defined by tlie presence of 
branchioB at some period of existence, the absence of an amnion, 
the absence, or rudimentary development, of the allantois, and 
blood-corjmscles which are always nucleated ; (II.) the Saur- 
OPSIDA, comprising Bepiilia and Aves, defined by the absence 
of branchiae at all periods of existence, the presence of a well- 
developed amnion and allantois, a single occipital condyle, a 
complex mandibular ramus articulated to the skull by a quad- 
rates bone, and nucleated red blood-corpuscles; and (IIL) the 
Mammalia, devoid of branchiae and provided with an amnion and 
an allantois, but with two occipital condyles and a well-developed 
basi-occipital ; with a simple mandibular ramus articulated with 
the squamosal and not with the quadratum; with mammary 
glands ; with red non-nucleated blood-corpuscles ; and with a 
corpus callosum in the brain. 

These five classes, whether divided into two or three pro- 
vinces, again, present so many characters, already enumerated, 
by which they resemble one another, and differ from all other 
animals, that, by universal consent, they are admitted to form 
the group of Vertbbrata, which takes its place as one of the 
primary divisions or “ sub-kingdoms ” of the Animal Kingdom. 

The next four classes — Insecia, Myriapoda, Araehnida, Crus- 
tacea — without doubt also present so many characters in common 
as to form a very natural assemblage. All are provided with 
articulated limbs attached to a segumented body-skeleton — the 
latter, like the skeleton of the limbs, being an “ exoskeleton,” 
or a hardening of that layer which corresponds with the outer 
part of the epidermis of Vertebrates. In all, at any rate in the 
embryonic condition, the nervous system is composed of a double 
chain of ganglia, united by longitudinal commissures, and the 
gullet passes between two of these commissures. No one of the 
members of these four classes is known to possess vibratile cilia. 
The great majority of these animals have a distinct heart, pro- 
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vicled with valvular apertures which are in communication with 
a perivisceral cavity containing corpusculated blood. But the 
Cirripeilia and the Ostracoda among Crustaceans, and many of 
the Mites among Arachnida, have as yet yielded no trace of 
distinct circulatory organs, so that the nature of these organs 
cannot be taken as a universal character of the larger group we 
are seeking; still less can such a character be found in the 
respiratory organs, which vary widely in character, and are 
often totally absent as distinct structures. A striking uniformity 
of composition is to be found in the heads of, at any rate, the 
more highly organized members of these four classes, so that, 
typically, the head of a Crustacean, an Arachnid, a Myriapod, 
or an Insect is composed of six somites (or segments corre- 
sponding with those of the body) and their appendages, the 
latter being modified so as to serve the purpose of sensory and 
manducatory organs. I believe this doctrine to be substantially 
correct ; and that, leaving all hypothetical suppositions aside, 
the head of any animal belonging to these classes may be 
demonstrated to contain never fewer than four, and never more 
than six somites with their appendages; but, until this view 
has received confirmation from other workers, 1 shall not 
venture to put forward any statement based upon it as part of 
the definition of the large group or “ province ” containing the 
four classes above mentioned, which has received from some 
naturalists the name of Articulata, from others that of 
Arthropoda, the latter being perhaps the more distinctive and 
better appellation. 


The members of the class Annelida present marked differ- 
ences from all the Arthropoda^ but resemble them in at least 
one important particular ; and that is, the arrangement of the 
nervous system, which constitutes a ganglionated double chain 
traversed at one point by the cogophagus. In almost all otfaei 
^pecte, Annelids differ widely from Arthropods. It may be 
doubted whether any Annelid is devoid of cilia in some^ 
or other of its organization, and cilia constitute the most im- 
^ organs of locomotion in the embryos of many. Nr 
^bd i^messes a heart communicating by valvula/ aper- 
tures with the perivisceral cavity, none have articulated 
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and none possess a bead composed of even four modified 
somites. 

Most Annelids are provided with that peculiar system of 
vessels termed “ pseudo-brnraal but, in some, that system has 
not yet been discovered. 

In endeavouring to separate from among invertebrated 
animals a first large group, comparable to the Vertehrata, it 
appears to me that the resemblances between the Annelida, the 
Chceiognodha, and the Arthropoda outweigh the differences ; and 
that the characters of the nervous system and the frequently 
segmented body, with imperfect lateral appendages, of the former, 
necessitate their assemblage with the Arthropoda into one great 
division, or " sub-kingdom,” of Annulosa. 

But what of the Echinodermaia and the Scolecida ? Should 
both these great classes be also ranged under the Annulosa ; 
or do they belong to different sub-kingdoms ; or, if they belong 
to the same, should they constitute a sub-kingdom of their 
own? 

I will endeavour to reply to those questions in succession. 
Whether these two groups belong to the Annulosa or not, must 
depend upon whether they ])ossess any characters in common 
with the Arthropoda and Annelida other than those which they 
have in common with all aiiinials. I can find none of any 
great moment. No Echinodeim, or Scolecid, has a definitely 
segmented body or bilaterally disposed successive pairs of 
appendages. None of these nnimals has a longitudinal chain 
of ganglia. 

On the other hand, there is much resemblance between the 
ciliated larva? of some Scolecids and Echinoderms, and those of 
Annelids; and the form of the body of many Scolecids is so 
similar to that of one of the most familiar of Annelids, as to 
have earned for both them and the Annelids the common title 
of “ worma” Nor must it be forgotten that, in the Annelids, 
there seem to be representatives of that singular system of 
vessels which attains so large a development as the “water- 
vascular ” apparatus in many Scolecids. 

Whatever value may be attached to these resemblances, it 
must, 1 think, be admitted that, in the present state of our 
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knowledge, it is impossible to affirm anything absolutely 
common to, and yet diagnostic of, all AnnvJosa and all Echino- 
derms and Scolecids. On the other hand, there can be no 
doubt as to the many and singular resemblances which unite 
the Scolecids and the Echinoderms together. The nervous 
system of the Echinoderm may present considerable differences 
from that of a Trematode or Rotifer, but it must bo recollected 
that the comparison is not a fair one, seeing that the mouth 
and gullet of an Echinoderm, round which its nervous ganglia 
are arranged, are not, strictly speaking, the same as the parts 
so named in a Rotifer, but are new developments. 

And it is exactly in that anomalous method of development 
of the Echinoderm within its larva, which is so characteristic 
of the whole group of Echinodennata, that this class exhibits its 
strong alliance with the Scolecida ; the Turhellaria and Timiada 
exhibiting the only approach to the method of Echinoderm 
development known in the Animal Kingdom. 

A singular larva studied by Johannes Muller, in one of his 
many fruitful visits to the seashore, and termed by him 
PHidium, has furnished, in the hands of subsequent observers 
(more especially Krolin, Leuckart, and Pagenstecher), ample 
proof that a Nemeries (a genus of Turhellaria) may be developed 
in a manner altogether similar to that in which an Echinoderm 
takes its origin. 

Tiie Pilidium (Fig. 39) is a small, helmet-shaped larva, 
with a long flagellum attached like a plume to the summit of 
the helmet, the edges and side lobes of which are richly ciliated. 
A simple alimentary sac opens upon the under surface of the 
body Wween the lobes (Fig. 39, a). 

In this condition, the larva swims about freely ; but, after a 
while, a mass of formative matter appears upon one side of the 
alimentary canal, and, elongating gradually, takes on a worm- 
like figure. Eventually it grows round the alimentary canal, 
and, appropriating it, detaches itself from the Pilidium as a 
Nemertid — provided with the characteristic proboscis, and the 
other organs of that group of Turhellaria. 

Many Trematoda, and all Tmnioid Scolecida, again, present 
an essentially similar process of internal gemmation, in virtue 




A. Youn^ Pilidiwn ; n, nlimcutary canal ; b, rudiment of the Nemertid. 
11. Pilidium with a more advanced Nemertid. 

C, Newly-fi-eed Nemeiiid. 


appropriation of the intestine of the primary by that of the 
secondary form, which renders the ordinary development of the 
Echinoderm so striking, does not occur.. 

In discussing the characters of the Eohinodermaia, I have 
described at length the ambulacral system ; and, in speaking 
of the Scdeeiday I have no less insisted upon the peculiarities of 
the “ water- vascular system.” But it is impossible to compare 
these two systems of vessels without being struck by their 
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similarity. Each is a system oF canals, opening externally, and 
ciliated within ; and the circumstance that the two apparatuses 
are turned to difTerent purposes in two distinct groups of the 
animal kingdom, seems to me no more to militate against their 
homology, than the respiratory function of the limbs of the Phyl- 
lopod Crustacea militates against the homology of these limbs 
with the purely locomotive appendages of other Crustaceans, 

Thus it appears that the Eohinodermata and the Sedeeida 
are so closely connected that they can by no means be placed 
in separate sub-kingdoms ; and, in the course of studying the 
other sub-kingdoms, it will be quite obvious that, unless they 
are to occupy an independent position, there is no place for 
them anywhere, save among the Annulosa, I have hitherto 
been accustomed to consider them, under the name of the 
Annuloida, as a division of this sub-kingdom ; but until some 
structural character can be discovered by which all the 
Annuloida agree with the An/ntdosay and differ from other 
animals, I am much inclined to think it would conduce to the 
formation of clear conceptions in zoology if the Annuloida 
were regarded as a distinct primary division of the Animal 
Kingdom. 

If we now turn to the other column of classes of invertebrate 
animals (p. 6), the last four on the list, viz.. Cephalopoda^ 
Pteropodaj Pvlmogasteropoday and Branchiogiasteropoda, have a 
number of well-marked characters in common. In all, the 
nervous system is composed of three principal pairs of ganglia 
— cerebral, pedal, and parieto-splanchnic — united by commis- 
sures. All possess that remarkable buccal apparatus, the 
odontophore, — whence I have ventured to propose the name of 
Odontophora for the group. The circulatory and respiratory 
organs vary a great deal, but none are provided with double 
lamellar gills upon each side of the body. 

The Lamellibranchiata stand in somewhat the same relation 
to the Odontophora as the Annelida to the Arihropoda, The 
Lamellibranchs have the three fundamental pairs of ganglia of 
the Odontophora, but they possess no trace of the odontophore. 
Furthermore, they are all provided with bivalve external pallial 
shells, the valves being right and left in relation to the body. 

G 
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No shell of this kind is found in any of the Odoniophora, 
Almost all Lamellibranchs, lastly, have a pair of lamellar gills 
on each side of the body, and all are provided with auriculate 
hearts. No doubt the Odontophora and the Lamellihranchiata 
properly form parts of one and the same sub-kingdom, Mol- 
LUSCA, and the three classes which foUow, viz., the Ascidioiday 
Brachiopoday and Folyzoa, are usually included in tlie same sub- 
kingdom. 

But the difficulty of framing a definition which shall include 
the last-named classes with the LameUibranchiata and Odonto- 
phora is almost as great as in the parallel case of the Annuloida 
and AnnvUosa; while, on the other hand, the Ascidians, 
Brachiopods, and Polyzoa exhibit many features in common. 
Thus the nervous system is greatly simplified in all three 
classes, consisting, in the Asddioida and Polyzoa, of a single 
ganglion, sending perhaps a commissural cord round the gullet. 
In the Braohiopoda the chief ganglia, which appear to be the 
homologues of the pedal ganglia of the higher mollusks, and 
are connected by a circumoesophageal cord, are combined with 
accessory ganglia, but these do not seem to be identifiable with 
the pedal or the paiieto-splanchnic ganglia. 

Again, the fact that the heart, when present, is of a simple 
tubular, or saccular, character, and is devoid of any separation 
into auricle and ventricle, constitutes a wide difference between 
these three classes and the higher Mollusks. On the other 
hand, these classes, which may be conveniently denominated 
Mollusooida, resemble one another in the fact (so far as I am 
aware there is only one exception, Appendicvlaria) that the 
mouth is provided with ciliated tentacula, disposed in a circle, 
or in a horse-shoe shape, or fringing long arms ; that it leads 
into a large, and sometimes an exceedingly large, pharynx ; and 
that in two of the three, at least, that system of cavities commu- 
nicating with the exterior, which has been called the “ atrial 
system,” is greatly developed. 

1 cannot doubt, then, that the AloUuscoida form a natural 
assemblage ; but, until the precise characters, if any exist, which 
unite them with the MdUusca proper can be clearly defined, I 
am inclined to think it might be better, as in the case of the 
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Annuloula, to recognise them as a separate division of the 
Animal J\ingdom. 

The next two classes — the Aciinozoa and the Hydrozoa — con- 
stitute one of the most natural divisions of the Animal Kingdom 
— ^the CcELENTERATA of Frey and Leuckart. In all these 
animals, the substance of the body is differentiated into those 
histological elements which have been termed c.ells, and the 
latter are primarily disposed in two layers, an external and an 
internal, constituting the " ectoderm ” and “ endoderm.” 

Among animals which possess this histological structure, the 
Ccelenieraia stetnd alone, in having an alimentary canal, which 
is open at its inner end and communicates freely, by means of 
this aperture, with the general cavity of the body. In a large 
proportion of these animals the prehensile organs are hollow 
tentacles, disposed in a circle around the mouth, and all (unless 
the CtenGjpihora should prove to be a partial exception to the 
rule) are provided with very remarkable organs of offence and 
defence, termed “thread cells” or “ nematocysts.” These, 
when well exhibited, as, for example, by the common freshwater 
polype (Hydra), are oval, clastic sacs, containing a long coiled 
filament, barbed at its base, and serrated along the edges. 
When fully developed, the sacs are tensely filled with fluid, and 
the slightest touch is sufiicient to cause the retroversion of the 
filament, which then projects beyond the sac for a distance, 
which is not uncommonly equal to many times the length of 
the latter. These fine filaments readily penetrate any delicate 
animal tissue with which they are brought into contact, and 
cause great irritation in the human skin when they are of large 
size. Nor can it be doubted that they exert a similarly noxious 
influence upon the aquatic animals which are seized by, and 
serve as prey to, the Actinozoa and Hydrozoa, Characteristic as 
these organs are of the Ooelenterates, however, it must not be 
imagined that they are absolutely peculiar to the sub-kingdom ; 
for some nudibranchiate MoUusca, such as Holia, are armed with 
similar weapons, and the integument of certain TurheUaria, and 
even of some Infusoria^ is provided with bodies which seem to 
be of a not altogether dissimilar character. 

No Coolenterate possesses any circulatory organs, unless the 
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cilia which line the general cavity of the body can be regarded 
as such ; and a nervous system has, at present, been clearly made 
out only in the Ctenojphora, Here its central mass occupies a 
position which is very unlike that in which the principal masses 
of the central nervous system are found in other invertebrate 
animals, being situated upon that side of the body which is dia- 
metrically opposed to the mouth. 

Whatever extension our knowledge of the nervous apparatus 
of the Cmlenterates may, and not improbably will, receive from 
future investigators, the positive characters afforded by the histo- 
logical features of their substance, and the free opening of their 
alimentary canal into the general cavity of the body, are such 
as to separate them, as a sub-kingdom, as sharply defined and 
devoid of transitional forms as that of the Vertebrata, from the 
rest of the Animal Kingdom. 

Great difficulties stand in the way of any satisfactory group- 
ing of the remaining classes, if we are determined to remain 
true to the principle that the definition of a group shall hold 
good of all members of that group, and not of any others, — 
a principle which lies at the foundation of all sound classification. 

In possessing cilia, as locomotive and ingestive organs ; in 
being provided with a contractile water receptacle with canals 
proceeding from it (in some cases at any rate) into the substance 
of the body ; in thoir tendency to become encysted and assume 
a resting condition, the Infusoria undoubtedly exhibit analogies 
with the lower Annuloida, such as the Turhellariay Botifera, and 
Trematoda. 

But the entire absence, so far as our present knowledge 
goes,*of a nervous system, the abrupt termination of the gullet 
in a central semi-fluid sarcodic mass, and the very peculiar 
characters of the reproductive organs, of the Infusoria, separate 
them widely from the Annuloida, though it seems to me not 
improbable that the gap may hereafter be considerably dimi- 
nished by observation of the lower forms of TurheJlaria, 

At present ihe Infusoria are usually regarded as forming part 
of the same sulhkingdom as the Sjpongida, Badiolaria, Bhizopoda, 
and Qregarinida, and as closely allied to them. But, so far as I 
am aware no definition can be framed which will yield characters 
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at once common to, and distinctive of, all these four groups; while 
recent discoveries tend to widen so greatly the hiatus between 
the Infusoria and the other three classes, that I greatly doubt if 
the sub-kingdom Protozoa can be retiiined in its old sense. 

But if* the Infusoria be excluded from it, the remaining 
groups, notwithstanding the imperfection of our knowledge 
regarding some of them, exhibit a considerable community of 
partly negative and partly positive cham(*ter8. 

The S^ongida, Radiolaria, Bhizopoda, and Qregarinida, in 
fact, are all devoid of any definite oral aperture ; a considerable 
extent, and sometimes the whole, of the outer surface of the 
body acting as an ingestive apparatus. Furthermore, the bodies 
of these animals, or the constituent particles of the compound 
aggregations, such as the Sponges, exhibit incessant changes of 
form — the body wall being pushed out at one point and drawn 
in at another — to such an extent, in some cases, as to give rise 
to long lobate, or filamentous, processes, which are tenned 
“ pseudopodia." 

Finally, all these classes agree in the absence of any 
well-defined organs of reproduction, innervation, or blood 
circulation. 

Thus, in the present state of knowledge, it seems to me that 
the whole Animal Kingdom cannot be divided into fewer than 
eight primary groups, no two of which are susceptible, in the 
present state of knowledge, of being defined by characters which 
shall be at once common and diagnostic. 

These groups are the — 

Vertebuata. 

Mollusca. 

Molluscoida. 

CCELENTEUATA. 

Protozoa. 

I leave aside altogether the question of the equivalency of 
these groups ; and, as I have already stated, I entertain some 
doubts regarding the permanency of one — ^the Infusoria — as a 
distinct primary division. Nor, in view of the many analogies 


Annulosa. . 

Annuix)iua. 

Infusoria. 
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between the MoUusca and the MoUuscoida, the Annvlosa and 
the Anmloida, do I think it very improbable that, hereafter, 
some common and distinctive characters may possibly be dis- 
covered which shall unite these pairs respectively. But the 
discoveries which shall effect this simplification hare not yet 
been made, and our classification should express not anticipa- 
tions, but facts. 

I have not thought it necessary or expedient, thus far, to 
enter into any criticism of the views of other naturalists, or to 
point out in what respect I have departed from my own earlier 
opinions. But Cuviers system of classification has taken such 
deep root, and is so widely used, that I feel bound, in conclu- 
sion, to point out how far the present attempt to express in a 
condensed form the general results of comparative anatomy 
departs from that embodied in the opening pages of the “ Begne 
Animal.” 

The departure is very nearly in the ratio of the progress of 
knowledge since Cuvier’s time. The limits of the highest 
group, and of the more highly organized classes of the lower 
divisions, with which he was so well acquainted, remain as he 
left them ; while the lower groups, of which he knew least, and 
which he threw into one great heterogeneous assemblage, — the 
Badiata, — have been altogether remodelled and rearranged. 
Milne-Edwards demonstrated the necessity of removing the 
Polyzoa from the radiate mob, and of associating them with the 
lower Mollusks. Frey and Leuckart demonstrated the sub- 
regnal distinctness of the Ccelenterata. Von Siebold and his 
school separaU^d the Protozoa, and others have completed the 
work of disintegration by erecting the Scolecida into a primary 
division, of Vermes, and making the Echinodermata into another. 
Whatever form the classification of the Animal Kingdom may 
eventually take, the Cuvierian Badiata is, in my judgment, 
effectually abolished : but the term is still so frequently used, 
that I have marked out those classes which it denoted in 
the diagram of the Animal Kingdom (p. 6), so that students 
may not be at a loss to understand the sense in which it is 
employed. 
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CHAPTER V. 

THE SUBCLASSES AND ORDERS INTO WHICH THE CLASSES 
OF THE VBRTEBRATA ARE DIVISIBLE. 

1. The Mammat.ia. 

A GREAT many systems of classification of the Mammalia have 
been proposed, but, as any one may imagine from the nature of 
the cose, only those which have been published within the last 
forty or fifty years, or since our knowledge of the anatomy of 
these animals has approached completeness, have now any 
scientific standing-ground. I do not propose to go into the 
history of those older systems, which laboured more or less 
under the disqualification of being based upon imperfect 
knowledge, but I shall proceed, at once, to that important 
step towards dividing the Mammalia into large groups, which 
was taken by the eminent French anatomist, M. de Blainville, 
so far back as the year 1810. M. de Blainville pointed out that 
the Mammalia might be divided into three primary groups, 
according to the character of their reproductive organs, especially 
the reproductive organs of the female. He divided them into 
** Omithodelphes,” Didelphes,” “ Monodelphes or, as we 
might term them, Ornithodelphia, Didelphia, Monodelphia. 
Now, I do not mean to assert that M. de Blainville defined these 
different groups in a manner altogether satisfactory, or strictly 
in accordance with all the subsequently discovered facts of 
science, but his great knowledge and acute intuition led him to 
perceive that the groups thus named were truly natural divisions 
of the Mammalia, And the enlargement of our knowledge by 
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subsequent investigation seems to me, in the main, only to have 
confirmed De Blainville’s views. 

The subclass of the Ornithodelphia comprises those two 
remarkable genera of Mammals, as isolated in geographical 
distribution as in structure, — Ornithorhynchus and Echidna — 
which constitute the order Monotremata. 

In these animals the angle of the lower jaw is not infiected, 
and the jaws are devoid of true teeth, one of the two genera only 
(OrnithorhynchtLs) possessing horny plates in the place of teeth. 
The coracoid bone extends from the s(*apula to the sternum, 
with which it is articulated, as in birds and most reptiles, and, 
as in many of the latter, there is an inter-clavicle. There is 
no marsupial pouch, though bones wrongly termed “ marsupial ” 
are connected with the pelvis. But it is to the structure of the 
female reproductive organs that the Ornithodelphia owe their 
name. The oviducts, enlarged below into uterine pouches, but 
opening separately from one another, as in oviparous vertebrates, 
debouch, not into a distinct vagina, but into a cloacal chamber, 
common to the urinary and genital products and to the fseces. 
The testes of the male are abdominal in position throughout 
life, and the vasa deferentia open into the cloaca, and not into a 
distinct urethral passage. The penis is indeed traversed by a 
canal, but it is open and interrupted at the root of that 
organ. In both sexes, the ureters pour the renal secretion, not 
into the bladder, which is connected with the upper extremity 
of the cloaca, but into the latter cavity itself. 

In the brain, the corpus callosum is small, the anterior com- 
missure large. We are but very imperfectly acquainted with 
the reproductive processes of these animals, but it is asserted 
that the young are devoid of a placenta. The mammary gland 
has no nipple. 

Like the Ornithodelphia, the subclass Didelphia contains 
but a single order, the Marsupialia, the great majority of which, 
like the Omiihodelphia, inhabit Australia. They almost all 
have the angle of the lower jaw infiected, and all possess true 
teeth. The coracoid is, as in the higher Mammals, ankylosed 
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with tlie scapula, and is not articulated with the sternum. All 
have the so-called “ marsupial ” bones or cartilages — ossifications, 
or chondrifications, of the internal tendon of the external oblique 
muscle of the abdomen — and the females of almost all possess a 
fold of the skin of the abdomen above the pubis, constituting a 
“ marsupium,'' or pouch, within which the young are nourished 
and protected in their early, helpless condition. 

The oviducts open into vaginoe, which are more or less com- 
pletely divided into two separate passages. The testes of the 
males are lodged in a scrotum, which is suspended in front of 
the penis ; and the vasa deferentia open into a complete and 
continuous urethra, which is also the passage by which the urine 
escapes from the bladder, and is perfectly distinct from the pas- 
sage for the fsBces, though the anus and the termination of the 
urethro-sexual canal are embraced by the same sphincter. 

The corpus callosum is comparatively small, and the anterior 
commissure large, as in the OrnUhodelphia. 

It is stated that the allantois of the embryo is arrested in its 
development, and gives rise to no placenta. The umbilical sac 
is said to acquire a large proportional size ; but whether it plays 
the part of a placenta for the short period of intra-uterine life, 
or not, is unknown. • 

The young are bom of very small size, and in a singularly 
imperfect condition; but being transferred to the marsupium, 
and becoming attached to a long nipple, they are supplied with 
milk until they are able to provide for themselves — ^the milk 
being, at first, forced into their mouths by the action of a muscle 
spread over the mammary gland. 

In the Monodelphia, the angle of the lower jaw is not 
inflected, and they may or may not be provided with teeth. 
They never possess “ marsupial ” bones. The uterine dilatation 
of the oviducts is always considerable, and whether they have 
common or distinct apertures, the vagina is a single tube, 
though it may be partially divided by a septum. The testes 
may vary much in position ; but, if they are lodged in a scrotal 
pouch, it is never pendulous by a narrow neck in front of the 
penis, as in the Diddphia, 
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Hie uriiiary bladder opens into a distinct urethra, which, 
diiecUjr or indirectly, receiyes the vasa deferentia in the male. 

The corpus callosum is very variable in its development 
commonly attaining a much larger size than in the preceding 
groups ; the optic lobes are divided into four portiona 

The young are nourished within the uterus until such time 
as they are competent to suck milk from the teats of the parent, 
to which end the chorion always develops processes or villi, 
which are well supplied with vessels brought to them by the 
allantois. These processes becoming interlaced more or less 
closely with corresponding vascular developments of the wall of 
the uterus (and so forming a “placenta”), an interchange of 
constituents takes place between the foetal and the maternal 
blood, through the separating walls of the foetal and maternal 
vessels. In this manner, throughout its prolonged intra-uterine 
life, the Monodelphian foetus is supplied with nourishment and 
gets rid of its effete products. 

It is a well-established fact that two very distinct types of 


Fig. 40. 



Fig, 40. — Diagrammatic section of a human pregnant utenis, with the contained orum 
(Longet). «, uterus; I, oviduct; c, cervdx uteri; <ftt, decidua uteri; dr, decidua 
reflexa ; ds, decidua serotina ; cA, chorion ; am, amnion ; al, allantois ; n&, umbilical 
vesicle ; a, villi which form the feelal part of the placenta ; villi over the rest of 
the chorion, which take no part in the placental function in man. 
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placenta are to be met with in the Monoddjphia, and that, at the 
present moment, we haye no knowledge of any transitional 
forms between these two types. The first of these types is that 
exhibited by the human placenta, the second by that of the pig 
or horse. 

From the commencement of gestation, the superficial sub* 
stance of the mucous membrane oP the human uterus undergoes 
a rapid growth and textural modification, becoming converted 
into the so-called ‘‘ decidua'* While the ovum is yet small, j 
this deddm is separable into three portions, — the decidua vera^ \ 
which lines the general cavity of the uterus ; the decidua 
rejlexa, which immediately invests the ovum ; and the decidua , 
serotina, a layer of especial thickness, developed in contiguity | 
with those chorionic villi whicli persist and become converted j 
into the foetal placenta. The decidua rejlexa may be regarded 
as an outgrowth of the decidua vera ; the decidua serotina as < 
a special development of a part of the decidua vera. At first, , 
the villi of the chorion are loosely implanted into corresponding 
depressions of the decidua ; but, eventually, the chorionic part 
of the placenta becomes closely united with, and bound to, the 
uterine decidua, so that the foetal and maternal structures form 
one inseparable mass. 

In the meanwhile, the deeper substance of the uterine 
mucous membrane, in the region of the placenta, is traversed 
by numerous arterial and venous trunks, which carry the blood 
to and from the placenta ; and the layer of decidua into which 
the chorionic villi do not penetrate acquires a cavernous, or 
cellular, structure from becoming burrowed, as it were, by the 
innumerable sinuses into which these arterial and venous trunks 
open. In the process of parturition, the decidua serotina splits 
through this cellular layer, and the superficial part of it comes 
away with the unbilical cord, together with the foetal mem- 
branes and the rest of the decidua ; while the deeper layer, 
undergoing fatty degeneration and resolution, is more or less 
completely brought away with the lochia, and gives place to 
a new mucous membrane, which is developed throughout the 
rest of the uterus, during pregnancy ; but, possibly, arises only 
after delivery over the placental area. 
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In the Pig the placenta is an infinitely simpler structure. 
No “ decidua ” is developed ; the elevations and depressions of 
the unimpregnated uterus simply acquire a greater size and 
vascularity during pregnancy, and cohere closely with the 
chorionic villi, which do not become restricted to one spot, but 
are developed from all parts of the chorion, except its poles, 
and remain persistent in the broad zone thus formed through- 
out foetal life. The cohesion of the foetal and maternal placcntm, 
however, is overcome by slight maceration or post-mortem 


Fig. 42. 



Fig. 42. — Sw'.tion of tJie Human Uteius and Placenta at the thiitieth week of pregnancy. 
(After f^'.kor. — A, umbilical cord ; B, chorion ; C, the foetitl vilh separated by pro- 
coescs of ; 1), cavernous dccidm ; E, F, G, wall of the utei us. 


change ; and, at parturition, the foetal villi are simply drawn 
out, like fingers from a glove, no vascular substance of the 
mother being throt\^i off. 

The process by which the mucous membrane of the uterus 
returns to its uuimpregnated condition after parturition in the 
pig has not been traced. 

The extreme cases of placentation exhibited by Man and 
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by the Pig may be termed, with Von Baer and Eschrieht, from 
the character of the maternal placenta, “ caducous ” and “ non- 
caducous,” or, from the degree of cohesion of .the two placcntfc 
in parturition, “coherent” and “incoherent or, \Nhat perhaps 
would be better still, the two Mammals may be spoken of as 
“ deciduate ” and “ non-deciduate.”* But, whatever terms be 
employed, the question for the classifier is to inquire what mam- 
mals correspond with Man and what with the Pig, and whether 
the groups of deciduate and non-decidnate MonodeJph'a thus 
formed are natural groujis, or, in other words, contain such 
orders as can bo shown, on other grounds, to he afiined. 

With respect to the Deciduaia^ it is certain tliat tlie Aj)(^s 
agree, in the main, with man in placental, as in other important 
characters ; and, so far as Inis hitherto been observed (though our 
knowledge of the placentation of the Lemurs is very defective), 
their placentm differ from those of Man only in presenting a more 
marked lobation — a character which occurs as a variety in Man. 

The Cheiroptera, Insectivora, and Bodentia agr(i 0 with Man 
in possessing a placenta which is not only as much “ discoidal,” 
allowance being made for the shorter curve of the uterine walls, 
as his, but also entirely resembles his in being developed in 
conjunction with a decidua. This decidua always corresponds 
to at least the decidua serotina of Man 5 frequently there is a 
well-developed decidua rejlexa,^ How far a decidua vera can be 
said to bo developed is doubtful. 

Figure 43 represents a section of the uterus, chorion, and 
partially-injected placenta of a Bat (the fmtus being one inch and 
a quarter long), taken in a direction perpendicular to the long axis 
of the uterine cornu, a is the mesometrium traversed by a 
large uterine vein ; h is the wall of the uterus becoming looser in 

* It is, of course, by no means intended to Biiggest by theses tcrniH, that the 
liomologue of the decidua docs not exist in the “ non-deciduate ” Mammals. The 
mucous membrane of the uterus becomes hyj»prtrophied during pregnancy in both 
the deciduate and the non-deciduate Mammals ; but it if thrown off, and so gives 
rise to a “ decidua ” only in the one of these two groups. 

t See upon this subject the rccently-publishcxl valuable essay of Reichert : 
“ Beitrage zur Eutwickelungs-geschichte des Meorschw(unchcns.” Reichert finds 
a complete, or almost coniplctc, decidua rejlexa in Rats, Mice, Guinea-pigs, and 
Bats ; while in Rabbits, Hares, and Carnivora, the decidua rejlexa only partially 
Burrounds the ovum. 
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texture and traversed by large venous channels in its inner sub- 
stance, c ; (Z is a decidual layer of the uterus of a cavernous 
structure, whence.vascular processes are continued towards the 
chorionic surface of the placenta. A large vein (i) passes 
directly from the decidual layer (d), and the uterine sinuses 
beneath it, to near the chorionic surface of the placenta, beneath 
which it branches out horizontally. The chorion (/), rendered 
vascular over its non-placental part by the omphalo-meseraic 


Fig. 43. 



Fig. 43. — Magiiilifd vk w of a section of the placenta and uterus of a pregnant itat. 


vessels (Jc) only begins to exhibit villous processes and folds at 
the point {g). These outermost villi appear to me to be free ; 
but, more internally, they become closely connected with the 
upper surface of the placenta ; and over the central third of the 
foetal face of the placenta, the umbilical vessels (Z) ramify in a 
radiating fashion, and send prolongations down between the deci- 
dual lamellsB. The slightest traction exerted upon the cord 
causes the placenta to separate along the line e, m, m, bringing 
with it, of course, the cup-shaped decidua, d. 

The Carnivora^ develop a well-marked decidua, but their 
placenta in all genera which have been examined (except the 
Polecat, according to Von Baer) has the form of a complete 
zone, or broad girdle, surrounding the middle of the chorion 
and leaving the poles bare (Fig. 44). 

Thus Man; the Apes, or so-called Quadrumau^ ; the 
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Inseciivora; the Cheiro]^tera ; the IXodeniia^ to which tlie lowest 
apes present so many remarkable approximations; and the 
Carnivora (united into one group with th^ Inseciivora by 
Cuvier) are all as closely connected by their placental structure 
as they are by their general affinities. 



Fig. 44. — Foetal kitten, with its roembranea and placenta. I'he latter is seen fiom within, 
the chorion and allantois being opened and everted. — Am, amnion; A//, allantois ; 
Ply placenta ; Urn, umbilical vesicle, 

(From a preparation in tlie Museum of the Ro 7 al College of Surgeons.) 

With the Pig, on the other hand, all the Artiodactylay all 
the Permodactyla (save one, taking the group in its ordinarily 
received sense), and all the Cetacea which have been studied, 
agree in developing no decidua, or, in other words, in the fact 
that no vascular maternal parts are thrown off during parturi- 
tion. But considerable differences are observed in the details 
of the disposition of the foetal villi, and of the parts of the 
uterus which receive them. Thus, in the Horse, Camel, and 
Cetacea the villi are scattered, as in the Pig, and the placenta 
is said to be diffuse ; while in almost all true Buminants, the 
foetal villi are gathered into bunches, or cotyledons, which in 
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the sheep (Fig. 46) are convex, and are received into cups of 
the mucona membrane of the uterus ; while in the Cow, on the 
contrary, they are concave, and fit upon corresponding convexi- 
ties of the uterus (Figs. 45 and 47). 


Fig. 45. 



Kig. 45. — Uterus of a ('ow in tlie iiiKiUle of pregnancy laid open. — V, vagina ; Z7, uterus ; 
Chy clioiion ; f'*, uterine cotyledons; ftetal cotyledons (after Colin), 


Fig. 4<». 



Fig. 4C. — ^A. Horn of the Uterus of a pregnant Ewe, laid open to show, C5>i, the chorion ; 
with Co, the cotyledons. 

B. Diagrammatic section of a Cotyledon. — U, uterine wall j C<A, uterine cup of the coty- 
ledon ; Cb*, chorionic villous tufl of the cotyledon. 

(From a prep nation in the Museum of the Hoyal College of Surgeons.) 
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No one, probably, would be inclined to object to the associa- 
tion of the orders just mentioned into one great division of the 


Kij;. 47 



Fig. 47. — A fa'l.-il cdlylinldti, hall .ittnl from the mtitenml rotylcdon, C‘, of a t'ow, 
chorion. If, uterus (sifter Cohn). 

Monodeljjhuif ebaractt'iisod by its placental structure. But such 
grouping leaves .sev(‘ral important points for discussion, ^^lie 
Elepliant lias a zonary jilacenta,* aud the genus Hyrax has been 
known, since tht) time of Home, to be in like case. Hence, as 
tlie elcpliants are commonly su])po8ed to ho closely allied with 
the F achy tier maiay uhich i>o.sso.ss diffuse, non-deciduate placenta?, 
and as Uyreue is now generally, if not universally, admitted into 
the same order as the Horse, which has a diffuse, non-deciduate 
placenta, it is argued that placental characters do not indicate 
natural affinities. A question, indeed, arises, which has not 
been answered by those who have described the placentae of 
Eleplias and Hyrax. Is the placenta of these animals simply a 
zone-like arrangement of villi or cotyledons, in connection with 
which no decidua Is developed, or is it a true deciduate placenta, 
resembling that of the Garnivora ifi the essentials of its internal 
structure as in its external form ? 1 have satisfied myself that, 

in both these animals, the placenta is as truly deciduate as that 

* “ Description of the Fcetal Membranes and Placenta of the Elephant,” by 
Professor Owen. — riulowt^lucal Tranmetions, 1857. 

H 
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of a Bodent; so that most unquestionably, if the placental 
method of classification is to be adopted, both JEHephas and Hyrax 
must go into the same primary division of the Monodelphia as 
the Eodentia ahd Carnivora. 

But are these facts really opposed to the belief that the 
placenta has great taxonomic value ? 

So far as the elephants are concerned, I must confess 
that I see no difficulty in the way of an arrangement which 
unites the Prdboscidea more closely with the Rodentia than with 
the Ariiodactyla and Perissodactyla, the singular ties which ally 
the El(*p]iants with the llodents having been a matter of common 
remark since the days of Cuvier. 

I have no hesitation in regarding Hyrax as the type of a 
distinct order of deciduate Monodelphous Mammalia. Hyrax, 
in fact, hangs by Rhinoceros mainly by the pi^ttern of its molar 
teeth, — a character which affords anything but a safe guide to 
affinity in many cases. 

The case of the Edentata presents greater difficulties. In 
this order, the Sloths have presented a cotyledonary placenta, 
and the Armadillos have been affirmed to possess a discoidal 
one. I am not aware that the minute structure of the placenta 
has been examined in cither of these groups ; but I am indebted 
to Dr. Sharpey for valuable information respecting the placental 
structure of Manis. The surface of the chorion is covered with 
fine reticulating ridges, interrupted here and there by round 
bald spots, giving it an alveolar aspect, something like the 
inside of the human gall-bladder, but finer. The inner surface 
of the uterus exhibits fine low ridges or villi, not reticulating 
quite so much. The chorion presents a band, free from villi, 
running longitudinally along its concavity, and there is a corre- 
sponding bald space on the surface of the uterus. The ridges of 
the chorion start from the margins of the bald stripe, and run 
round the ovum. The umbilical vesicle is fusiform. This is 
clearly a non-deciduate placenta, and the cotyledonary form of 
that of the Sloth leads me to entertain little doubt that it be- 
longs to the same category. On the other hand, the placenta 
of Oryderopus is discoidal and deciduate. 

It may also be urged that the value of the placenta as 
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an indication of affinity is weakened by the fact of a clear 
transition between the Curnhora^ with a deciduate zonary 
placenta, and the Cetacea, witli a non-deciduate diffuse placenta, 
being afforded by the extinct Zeuglahn, 

Ilut admitting all these difficulties and gaps in our informa- 
tion, it appears to me that the features of the placenta afford by 
far the best characters which have* y(*t l)een proposed for classi- 
fying the Monodelphons Mammalia, especially if th(* concomi- 
tant modifications of the other foetal appeiidages such as the 
allantois and yelk-sac, be taken into account. 

Certain orders of the Mammcdia, then have a disooiual 
DECIDUATE placouta. These are — 

1. The ihiiMATES — which have nevtjr more than four incisor 
teeth al)ove, and as many Indow. The hallux is always provitlod 
with a Hat nail (with occasional individual i‘\c(‘ptions), and is 
capable of a consid(*rable amount of alKluctiun and adduction. 
All the Primates |x)ssess clavich‘8. 

This order contains three sub-orders — 

a. The Anthropidie (Man). — The d(*ntal ionnida is 

. 2.2 1.1 2.2 

' 2:2 i.T 2:2 iUi 

and the t(‘eth form a nearly even and niiinterrupted series. 

The liallux is nearly us long as the second to(% and is 
capable of c()mj) imtively slight movements of adduction 
and ahdiu'tion. The arms are shorter than the logs, and, 
after birth, the latter grow faster than the rest of the body. 

The habitual attitude of the body in standing or walking 
is erect. 

h. The Simiadee , — (The Apes and Monkeys.) 

*j "I 

The dental formula as in man, or with pm 

0.0 

The series of the teeth is uneven and interrupted by a 
diastema. 

The hallux is considerably shorter than the second toe, 
and is capable of extensive adduction and abduction. The 
arms may be longer or shorter than the legs, but the latter 
do not grow faster than the rest of the body after birth. 

c: The Lemuridte , — The dental formula varies. The 

H 2 
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series of the teeth is uneven and interrupted. The hallux 
is large, while the second digit is always peculiarly modi- 
fied, and sometimes rudimentary. 

In tliis^ub-order alone are the further characters found, 
that the lachrymal foramen is situated on the face; the 
orbit and temporal fossa communicate freely, as in the 
three succeeding orders; the clitoris of the female is 
perforated by the urethra ; and more than one pair of teats 
may be present. 

2. The Inseotivoba. — ^The dentition, varies. Usually, there 
are more than four incisors in each jaw, and the molars have 
sharp and pointed cusps. 

The hallux possesses a claw, and has no marked freedom of 
adduction and abduction. 

In all genera but one there are well-developed clavicles. 

The so-called Flying Lemurs (Galeopitheous), the Hedgehogs, 
the Shrews, and the Moles belong to this order. 

3. The Cheiropteba. — The dentition varies, but well- 
developed canines are always present. 

The clavicles are strong and long. The fore-limbs are much 
longer than the hind limbs, and have the four ulnar digits pro- 
longed. At least three of these are nailless. A prolongation 
of the integument, or “ patagium,” unites the prolonged digits 
together, and the arm with the body. 

The hallux resembles the other digits. There are one or 
two pair of pectoral teats. The penis is pendent, and the 
testes remain in the abdomen. 

To this order the Bats belong* 

4. The Bodenti A , — There are never more than two incisors 
in the lower jaw, and usually only two, but sometimes four, 
in the upper. These incisors have persistent pulps, and con- 
tinue to grow in adult life. 

There are no canines. The molars vary in number fjx)m 

2.2 6.G 

2.2 5.5* 

The hallux, when present, resembles the other digits, and 
the number of teats varies. 

The Rats, Hares, Squirrels, &c., constitute this order. 
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Three orders possess a zonary deciduate jdacentrt — 

1. The Carnivora. — The teeth are eimmelled, and always 
consist of incisors, canines and molars. Therg are milk and 
permanent teeth. 

The clavicles are always more or loss rudimentary. The 
hallux and |)ollex, when ])ro8c*nt, resemble the other digits in 
mobility and in the character of their nails. The teats are not 
fewer than two pair, and are abdominal. 

This order contains all the Cats, Ilyfonas, Civets, Dogs, 
Bears, Weasels, Racoons and Seals. 

2. The Proboscidea. — The teeth consist only of tusk-like 
incisors, growing from persistent pulps, and molars. There is 
often only one set of teeth. Tlie centra of the vertebrro are 
remarkably short for their breadth. There are no clavicles. 
The feet are five-tood, and the weight of the IxMly is 8npjx)rtcd 
by a palmar and a plantar pad of integument, whicli underlies 
the toes. In standing, the knee-joint is straightened, and the 
femur lies in a line nith tlio leg-bones, as in man. 

Tb(‘ nose is prolonged into a proboseis. 

The niamma^ are two, and axillary. 

The Elephn nts, Mastodons and IHnotIm'ia constitute this order, 

3. The IIyuacoidea, containing the single genus Hyrax . — 
The dentition consists only of incisors and canines ; and in the 
aged animal has the formula — 

.2.‘2 0.0 d.l 

The upper incisors have persistent pulps, and are long and 
curved, as in Rodents. The lower are straight, and grooved 
longitudinally. The molars resemble those of the Rhinoceros. 

The front foot has four toes, the hind three. The inner nail 
of the hind foot is singularly curved. 

There are no clavicles. 

The stomach is simple. The intestine has two accessor}*’ 
caeca, in addition to the ordinary one. Tlie ureters open into 
the fundus of the bladder, as in some Rodents. 7’he penis of 
the male is pendulous, and the female has six teats, four inguinal 
and two axillary. 
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extend on to^ or over, them. The naaal bones are short or 
rudimentary^ and the lachrymal bones are absent or small. 
The tympanic bone is thick and scroll^shaped. The mandible 
has a very small coronoid process^ and the coSdyle is situated 
at the posterior extremity of tlie ramus. 

There are no clavicles. There is no complete articulation 
between the bones of the fore-arm and the humerus, or between 
those of the carpus, fore-arm and digits. Some of the digits 
have more than three phalanges. The pelvis is rudimentary, 
and there is never more than a trace of hind-limb bones. 

Tliere are two sets of teeth only in the extinct Zeuglodon^ but 
teeth may exist and bo replaced before birth by baleen })lates. 

Ii\ this order the Whale-bone whah's, the Dolphins, and 
the extinct Zenglodonts are comprised. The Cetacea are closely 
allied with the Carnivora^ among the mammals with zonary 
placentation. 

Two orders of Monodelphous Mammalia remain. The 
placentation of one of them, the Siuenia, is unknown. 

Like the Cetacea^ the Sirenia have a horizontal ly-flattenod 
caudal integumentary fin, and the hind-limbs and sacrum are 
absent in existing genera, but in other respects they differ from 
the Cetacea completely, and approach the Prolmcidea among 
the zonary and deciduate Mammalia, 

They possess a fleshy snout and lips, a well-dev(dopod third 
eyelid, vesiculro seminales, and salivary glands, all of which are 
absent in the Cetacea. 

The teats are thoracic, and two in number. 

The cervical region is short, but longer in i)ropoition 
than in the Cetacea^ though the number of the vertebrte may 
be only six (Manatua). There is an odontoid process. I’he 
heads of the ribs articulate with the centra of all the dorsal 
vertebrae, w'hich is never the case in the Cetacea. The skull 
has an enormous zygomatic arch. The premaxillae occupy 
a large space in the upper boundary of the gttj>e of the mouth ; 
and the mandible has a large coronoid and high ascending 
part of the ramus, in which respeets it is opposed to that of 
the Cetacea, There are no clavicles. The bones of the fore-limb 
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are freely articulated with one anotlier, and tl)(‘ phalanges do 
not exceed three. 

There is only one set of molar teeth, and h(n-ny plates are 
developed upon the premaxillary region of the ])alate and tlie 
opposed surface of the lower jaw. The apex of the heart is 
deeply bifid between the two ventricles. 

The existing Sirenia are the estuarine, or littoral, Dugongs 
and Manatees. 

In the remaining order, the Edentata, th(^ placentation 
appears to vary, being diffuse and non-decidunte in Manis, 
cotyledonous (and non-deciduate ?) in Bradypus, and discoidal 
and deciduate in Oryderopus ; but further investigation is needed 
before such variations can be safely admitted to exist. . 

The teeth are always devoid of enamel and of complete 
roots. There are never any median incisors in either jaw, 
and incisors are entirely absent in all but one genus of Arma- 
dillos. 

The fore-limbs are well-developed, and their ungual phalanges 
are enveloped in long and strong claws. There are pectoral, and 
sometimes abdominal, mammae. 

The Sloths, the extinct Megatherium and its allies, the 
Anteaters, the Pangolins, and the Armadillos belong to this 
order. 

The charactersof the orders Marsupialia and Monotremata 
are the same as those of the sub-classes J)idelj>hia and Ornitho- 
delphia, of which they respectively constitute the sole members. 

II. The Sauropsida. 

The class Ayes is divisible into three orders — 

1. Saururas. — The metacarpal bones are not ankylosed 
together. The caudal vertebrae are both numerous and large, 
so that the caudal region of the spine is longer than the body. 

This order contains only the extinct bird, Archseopteryx, 

2. BATiTiE. — The metacarpal bones are ankylosed together. 
The tail is shorter than the body. 

The sternum is devoid of any crest and ossifies only from 
lateral and paired centres. 
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The long uxes of tlio adjnooiit parts of tho iMa-icoid and 
soapulu are parallel or identieal. The barbs t)f the ie;ithers an^ 
diseonij«'c*le(l. The diaphragm is Ixdter developed than in 
other birds. • 

Tlu* Ostriches, Rhi'as, Emeus, ( assowaries, an 1 tlie 
are the existing members of this order. 

Caeinat.e. — U’lie m(‘tae.irjml bont's are ankylosed, and the 
tail is sliorter than the body, as in tlie tlie terminal 

vertebrae being commonly ankylosed into a ploughshare-shaped 
bone. 

Tlie sternum possesses a crest or lv(‘el, and ossilicvs from ti 
median centre in that ketd, as wtdl as from jiaired cemtres. 

The long axes of the seajmla and (u>racoid mak(' an acmte or 
slightly obtuse angle. I’he barbs of the feathers are usually 
connected. ^ 

To this order all ordinary birds belong. 

The members of the class Keptilia may be grouped into 
the following orders: — 

1. The Crocodila. — These reptiles have an epidermic 
exoskeleton consisting of horny scales, and a dermal exoskeleton 
of bony scutes, which may be confined to the dorsal surface 
of the body, or exist on the ventml aspect as w^ell. 

The centra of the dorsal vertebra? are procceloiis or amphi- 
coelous;* and in the middle and posterior dorsals a single trans- 
verse process supports both the capituhim and the tuhorciiluin of 
the rib. Some of the ribs are provided with uncinate processes. 

There are two sacral vertebra?. False ribs are developed 
as.superficial ossifications in the wall of the abdomen. 

The bones of the skull and face (except the mandible and 
hyoid) are solidly united together, and the presphenoidal 
region, which remains cartilaginous, is flattened laterally, so 
as to form an interorbital septum. 

The nasal passages are shut off from the mouth by palatine 
plates of the maxillee and palate bones, and (in modern 
Crocodiles) of the pterygoids as well. 1'he tympanic cavities 

* Proeceloua, concave in front, and convex })eliind. Ampincoelouny concave on 
both faces. 
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are completely walled in by bone, and the Eustachian passages 
open on the base of the skull. 

There are air passages connected with the tympana in the 
quadrate and articular bones, and in the supra-occipital. 

The pterygoid unites only with the upper end of the quad- 
rate ; and the hyoidean apparatus is very simple, and not con- 
nected directly with the skull. 

There are no clavicles. The pubes are greatly inclined 
forwards, and remain cartilaginous at their symphysial ends 
throughout life. 

There are five digits in the fore-foot and four in the hind- 
foot, but only the three pre-axial (radial and tibial) digits bear 
nails. 

The teeth are lodged in distinct alveoli, and are confined to 
the premaxillse, maxillro, and mantiible. 

The heart has four completely separated chambers, two 
auricles and two ventricles, but the right and left aortee are 
connected by a small aperture immediately above their origin. 
The sclerotic is not ossified. The ear is provided with a move- 
able earlid ; and the male has a grooved penis attached to the 
front wall of the cloaca, the aj)erture of which is longitudinal. 

The modern Crocodiles, Alligators, and Caimans, and the 
extinct Tdeoaauria and Belodonts, form this order. 

2. The La( EUTILIA. — An epidermic and dermal exoskeleton 
is sometimes present, sometimes absent. The dorsal vertebrae 
have procoelous or amphicoolous centra ; but their transverse 
processes are represented by simple tubercles, to which undivided 
proximal ends of the ribs are attached. There are two, or at 
most three, vertebrae in the sacrum. The presphenoidal region 
of the skull forms an interorbital septum. 

The quadrate bone is usually movable on the skull, and the 
pterygoid is almost always connected with its distal end. The 
hyoidean apparatus is usually large and complicated. The limbs 
may be well developed, or one pair only present ; or absent. A 
pectoral arch, consisting of clavicles and more or less ossified 
coracoscapular cartilages, is always present. The teeth are not 
lodged in sockets in any recent LaeeriUia. 

The heart has three chambers, two auricles and one ven- 
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tricle, the cavity of the latter being partially divided, by a 
partition, into a right and a left portion. 

There is a urinary bladder, and the aperture of the cloaca is 
transverse. The males have two eversible penes, one on each 
side of the cloaca. 

The Lizards, the Blindworms, and the Chameleons, are 
the best known forms of this order. 

3. The Ophidia. — The snakes have no dermal, or osseous, 
exoskeleton. The dorsal vertobne are always procodous, and 
have a rudimentary transverse process, with which the simple 
proximal ends of the ribs freely articulate. The front face of 
each vertebra gives off a wedge-shaped process (zygosphono), 
which fits into a corresponding pit (zygantniin) of the preceding 
vertebra.* 

There is never any truce of a sternum or of a pectoral arch, 
of a fore limb, or of any sacrum ; but in some few snakes 
{Typhlops, Python. Toririr) there are rudinKmtary hind limbs. 

There is no interorbital septum in the skull, and its lateral 
walls are completely osseous. The cartilaginous iraheeuhr 
cranii remain distinct and persistent in the adult skull. 

Tlie quadrate bone is always more or less movable, and is 
generally united with the skull by the intermediation of the 
squamosal. The rami of the mandible are united at the 
symphysis only by ligament. The hyoidoan apparatus is 
exceedingly rudimentary. 

The teeth are never lodged in sockets, and are 8ometim(‘S 
grooved or canal iculated on their front faces. 

The heart is as in Lacertilia, The lungs and other paired 
viscera are usually unsymmetrical. 

There is no urinary bladder. The copulatory organs are as 
in Lacertilia. 

4. The Chelonia. — The Turtles and Tortoises always pos- 
sess an osseous exoskeleton, which becomes intimately united 
with parts of the endoskeleton to form a dorsal shield, the 
earapojce, and a ventral shield, the plastron. To this are 
generally added epidermic horny plates, which form the so- 
called “ tortoise-shell.” 

• Indicfttinns of this stnictorr arc fouml in iw)me Lizarcln, 
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The limbs are converted into paddles ; the bones, from t\ie 
humerus onwards, becoming broad and flattened, and losing their 
mobility on one another. The phalanges become very numerous, 
and marginal ossicles are added to the pre-axllil and post-axial 
edges of the limb ; but the number of the digits does not ex- 
ceed five. There is a clavicular arch formed by an interelavicle 
and two clavicles. The pelvis is not directly connected with 
the vertebral column. 

The teeth are lodged in grooves of the premaxillm, maxillse, 
nnd mandibles — not in distinct sockets. Their fangs are deeply 
folded. 

Species of the genus Ichthyosaurus abounded daring the 
mesozoic epoch. 

5. The Plesiosauri A. — No exoskeleton is known. Tiie 
centra of the vertebrae are flat, or sliglitly concave at each end, 
and the neural arches unite with the centra in the ordinary 
way. The dorsal vertebrae have long transverse processes, 
nu'Iivided at their ends, and articulating with the equally 
simple proximal ends of the ribs. No sternal ribs or sternum 
are known, but there are well-developed false, or exoskeletal, 
abdominal ribs. 

There is a sacrum composed of two vertebrae, and the cervical 
region is often extremely long. 

The snout is produced, and the external nostrils placed far 
back near the large orbits. 

There is no bony ring in the sclerotic.' 

The limbs are paddle-like, but the bom^s retain the normal 
form much more than in the case of the Ichthyosaur ia, TJiere 
are no marginal ossicles. A clavicnhir arch, formed of clavicles 
and interclavicle, seems to have existed in some sixjcies, if not 
in all. 

The scapula has a remarkable form, and sends out a pre- 
glenoidal process, as in the Chelonia, 

The genera PlesiosauruSy Shnosaurus, Noihomurus, which 
constitute this group, are mesozoic marine nptiles. 

3. The Dicynodontia. — These strange reptiles {Dicynodon, 
Oudenodon) are known only from strata of triassic (?) age which 
occur in both Africa jind India. They are iK)t known to fK)sse8S 
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3. The Gymnophiona have rounded, worm-like bodies, which 
are devoid of limbs and tail They have scales imbedded in the 
integument. The dorsal vertebrm are bi-concave, and possess 
double transverse processes, with which the capitula and tu- 
bercula of the ribs articulate. 

The genera Caecilia^ 8ip?iortop8f Ichthyophis, and Bhinairema 
belong to this order. 

4. The Labyrintiiodonta. — The body is salamandriform, 
with relatively weak limbs, and a long tail. The dorsal 
vertebrm, when completely ossified, are bi-concave, with double 
transverse processes. The ribs liave distinct capitula and 
tubercula. 

In the thoracic region, three sujierficially scnl[)tnred exo- 
skeletal plates, one median and two lateral, occupy the place of 
the interctnvicle and clavicles. Between these and the pelvis is 
a peculiar armour, formed of rows of ovjil dermal plates, whi(*h 
lie on each side of the middle lino of the abdomen, and are 
directed obliquely forwards and inwards, to meet in that 
line. 

The skull has distinctly ossified epiotic bones in the same 
jwsition and of the saint' ft)rm a*? those of lishcs. The cranial 
bones arc sculptured, and many t'xhibit })eculiar smooth, sym- 
metrical grooves — the so-called mucous canals.” 

The pari(‘ti‘s of tlie teeth are deeply plaitt'd and folded, so 
as to give rise to a couqilicated “ labyrinthine ” pattern in the 
transverse section of the tooth. 

Bcmains of the Labyrinthoclonts, which sometimes attained a 
largo size, are found from the Carboniferous to the Triassic 
or Liassic strata, inclusively. 

The class Pisces is disisible into six orders — 

1. Dipnoi. — There is a skull with distinct cranial bones, and 
a mandible. The notochord is jiersistcnt, and there are no 
vertebral centra. 

There are two jiairs of filiform fins, each supported by a 
single, jointed, cartilaginous rod. The jiosterior pair are placed 
close to the anus. The pectoral arch has a clavicle. 

The heart has two auricles, and true lungs coexist with 
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rudimentary external branohiie and functional, pectinated, 
internal branchiae. 

This order contains only the “ Mud-fish,” Lepidosiren and 
Bhinocrypiia. • 

2. The Elasmobranchii. — The skull and mandible are well 
developed, but there are no cranial bones. 

The condition of the vertcbml column varies. 

There are two jmir of fins, each supported by many series of 
cartilages. The posterior pair are ]>lacod close to the anus. 

The pectoral arch has no clavicle. 

The heart has one aurieJe, and a rhythmically contrac- 
tile bulbus arteriosus, which contains striated muscular fibre 
in its walls, and is provided with several transvoiw^ rows of 
valves. The gills are pouch-like, ddie o])tic nerves form a 
chiasma. 

To this order belong tlu‘ Sharks, Ituys, and Ghimuerte, 

3. The Ganoidei, — The skull has cranial bones, and there is 
a mandible. The condition of the vertebral column varies. 
There are usually two pair of limbs of the saim* essential strmv 
ture as those of the Elusmobranchii. I'he pectoral arch has a 
clavicle, and the postenor limbs are placed close to the anus. 

The heart and oj)tic nerve^s are as in the Elasmobranchii, 

The gills and the opercular aj^paratus are os in the Te- 
leostei. This order includes the {Sturgeons and bony Pikes 
(Lepidosteui), besides Polyptorus, Amia, and numerous extinct 
genera. 

4. The Teleostei comprises the majority of tixisting genera 
of fishes provided with a bony skeleton. The skull lias cranial 
bones and a mandible. More or less ossified distinct vertebrm 
are always present. The limbs, when they exist, have the same 
general structure as those of the Ganoids, but the ventral fins 
vary in position. The pectoral arch has a clavicle. 

The gills are pectinated or tufted ; a bony operculum and 
pre-operculum and branchiostegal rays are always develojjed. 

The bulbus aortas is not rhythmically contractile, and it is 
separated from the ventricle by only a single row of valves. 

The optic nerves cross, but do not form a chiasma. 

5. The Mabsifobrakchii includes the Lampreys and Hags. 
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any exoskeleton. Their dorsal vertebrae are ampbicoelous, with 
crocodilian transverse processes. 

The sacrum is large, and formed by the ankylosis of many, 
sometimes six, ve&tebraB. 

The cranial and upper facial bones are all firmly fixed 
together, in which respect, and in the conversion of the jaws 
into a kind of beak, wliich appear to have been sheathed in 
horn, they resemble the Chelonia. 

Teeth seem to have been absent in some species, in 
others there was a pair of great tusks, with persistent growth 
implanted in the upper jaw. 

Tiie pectoral and pelvic arches were very strong, and the 
limbs well developed and fitted to supjxjrt the massive body on 
land. 

4. The Pterosauria. — The flying Lizards of the Mesozoic 
epoch are not known to have possessed any exoskeleton. 

The dorsal vortebrie are proccelous, with crocodilian transverse 
proce8S(‘B: ossified sternal ribs, and splint-like, false, or exo- 
skeh'tal, abdominal ribs are pr(‘sent. 

There is a bioad sternum, with a median keel or crest. 

The skull is in many respects very bird-like, but the jaws 
carried teeth, implanted in alveoli. In some genem the 
extremities of the jaws are edentulous, and seem to have been 
sheathed with horn. 

The sclerotic bos an osseous ring. 

The pectoral arch, is extremely like that of a carinate bird, 
but no clavicles have been discovered. The manus has four 
digits, three of which are short and provided with claws, while 
the fourth, enormously prolonged and clawless, appears to have 
supported a “ patngium,” as in the Ikits. 

The posterior limbs are comparatively small. 

The long bones an 1 the vertebne appear to have contained 
pneumatic cavities, as in many binls. 

5. The Dinosauria. — The bony exoskeleton is sometimes 
more highly developed than in the Crocodilian and sometimes 
absent The centra of the posterior dorsal vertebrae are flat or 
slightly concave at each end, and they have crocodilian trans- 
verse processes and ribs. The centra of the anterior dorsal and 
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of the cervical vertebraB are sometimes concave behind and con- 
vex in front {(ypisth)<xjdous). There are four, or more, vertebr© 
in the sacrum. 

The pelvis and bones of the hind limb aretin many respects 
very like those of birds. No clavicles have been observed, and 
the fore limb is sometimes very small in proportion to the hind 
limb.* 


III. The Ichthyopsida. 

The Amphibia are divisible into four onh^rs — 

1. The Ubodela. — There is no (xoskeleton. 'J’lie dorsal 
vertebrae are amphieodous or opisthocudoiis, and have 8in‘:;le or 
bifid^transverse processes, to wliicli short ribs of a corresponding 
form are attached. Tlie single sacral vcrt(‘bra has movable 
ribs like the rest, when a sacrum exists. Tlie caudal vi*rtebru3 
are numerous and distinct. The bon(‘8 of tlu* for(‘-arin and of 
the leg remain separate, and the proximal bones of the tarsus 
are not elongated. 

This order compri8i‘8 the Newts and Salainand(;rs, with the 
so-called perennibranchiate ” Amphlhiuj such as the Proieus^ 
Siren, &c. 

2. The Batrachia. — An exoskeleton is rarely represented 
by dermal ossifications in the dorsal region of the trunk. 
The dorsal vertebree are proceelous, and have 8im])le and 
long transverse processes, with only rudimentary ribs. The 
single sacral vertebra has wide lateral f)roce88t^s for arti(uila- 
tion with the ilia, and no movable ribs. A styliform ossifi- 
cation takes the place of the centra of the caudal vertebrm. 

The ischia and pubes of opposite sides are applied together, 
and unite by their inner faces. The radius and ulna in the 
fore limb, and the tibia and fibula in the hinder extremity, unite* 
into a single bone. The calcaneum and astragalus are greatly 
elongated. 

The Frogs and Toads compose this order. 

* In Iguanodon, MegalotauruM, PoikHofleuron^ and 8ceUdo»auru$^ the distal 
end of the tibia extends outwarda behind the fibula in a manner which ia ex- 
tremely peculiar and characteristic; and the aatragalua ia very like that of 
a bird. 
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3. The Gymnophiona have rounded, worm-like bodies, which 
are devoid of limbs and tail They have scales imbedded in the 
integument. The dorsal vertebr® are bi-concave, and possess 
double transverse processes, with which the capitula and tu- 
bercula of the ribs articulate. 

The genera GseciHa^ SiphonopSt Ichthyophis, and Bliinatrenia 
belong to this order. 

4. The Labyrinthodonta. — The body is salaniandrifonn, 
with relatively weak limbs, and a long tail. The dorsal 
veHebra^, when (completely ossified, arc bi-concave, with double 
transverse procc^sses. The ribs have distinct capitula and 
tubercula. 

In the thoracic region, three superficially sculptured exo- 
skeletal jdaies, one median and two liihTal, occupy the place of 
the interclavicle and clavicles. Between these and the pelvis is 
a peculiar armour, formed of rows of oval dermal plates, which 
lie on each side of the middle line of the abdomen, and are 
directed obliquely forwards and inwards, to meet in that 
line. 

The skull has distinctly ossilicul (qnotic bones in the same 
position and of the same form as thos(i of fishes. The cranial 
bones are sculjHured, and many exhibit pec\diur smooth, sym- 
metrical grooves — the so-called ‘‘ mucous canals.” 

The parietes of the teeth are deejdy plaited and folded, so 
as to give rise to a complicated “ labyrinthine ” pattern in the 
transverse section of the tooth. 

Beiuains of the Labyriuthodonts, which sometimes attained a 
largo size, are found from the Carboniferous to the Triassic 
or Liassic strata, iiudusively. 

The class Pisces is divisible into six orders — 

1. Dipnoi. — There is a skull with distinct cranial bones, and 
a mandible. The noto(diord is persistent, and there are no 
vertebral centni. 

There are two pairs of fililbrm fins, each supported by a 
single, jointed, cartilaginous rod. The jiosterior pair are placed 
close to the anus. The pectoral arch has a clavicle. 

The heart has two auricles, and true lungs coexist with 
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rudimentary external branohia and functional, pectinated, 
internal branchiae. 

This order contains only the Mud-fish,** Lepidosiren and 
Bhinoctypiis, * 

2. The Elasmobranchii. — The skull and mandible are well 
developed, but there are no cranial bones. 

Tlie condition of the vertt*l>ral column varies. 

There are two jmir of fins, each supportcMl by many scrit's of 
cartilages. The posterior jwiir are phased close to the anus. 

The pectoral arch has no clavicle. 

The heart has one auricle, and a rhythmically contrac- 
tile bulbus arteriosus, which contains striated muscular fibre 
in its walls, and is provided with several transverse rows of 
valves. The gills are pouch-likc. 'I'he optic nerves form a 
chiasm a. 

To this ord«ir belong the Sliarks, Hays, anti Chimoirfc. 

3. The Ganoidei. — Tlie skull has cranial bones, and there is 
a mandible. The condition of the viTtebral column varies. 
There are usually two pair of limbs of the same essential struc- 
ture as those of the Elasmobranchii, The pectoral arch has a 
clavicle, and the posterior limbs are placed clo-te to the anus. 

The heart and optic nerves are os in the Elasmobranchii, 

The gills and the opercular aj)paratu8 are os in the Te~ 
leostei. This order includes the Hturgeons and bony Pikes 
(Lepidosteus), besides PoUypteruSy Amia, and numerous extinct 
genera. 

4. The Teleostei comprises the majority of existing genera 
of fishes provided with a bony skeleton. The skull has cranial 
bones and a mandible. More or less ossified distinct vertebra) 
are always present. The limbs, when they exist, have the same 
general structure as those of the Ganoids, but the ventral fins 
vary in position. The pectoral arch has a clavicle. 

The gills are pectinated or tufted ; a bony operculum and 
pre-operculum and branchiostegal rays are always developed. 

The bulbus aortae is not rhythmically contractile, and it is 
separated fix)m the ventricle by only a single row of valves. 

The optic nerves cross, but do not form a chiasma. 

5. The Mabsifobbanchii includes the Lampreys and Hags. 
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There is a cartilaginous skull, devoid of cranial bones ; but no 
mandible, nor any traces of limbs. The notochord is persistent 
and no centra of vertebrae are developed. 

The heart jTi’esents an auricle and a ventricle. The gil^s are 
sac-like, and not ciliated. 

These fishes have a distinct brain and auditory organs ; and 
the liver and kidneys are constructed upon the ordinary verte- 
brate plan. 

6. The Pharyngobranchii. — Neither cartilaginous nor 
osseous skull, nor mandible, nor any limbs, are developed. The 
persistent notocliord extends beyond the cerebro-spinal axis to 
the anterior end of the body, whereas in all other Vertehrata 
it stops behind the pituitary gland. 

There are no vertebral centra or arches. No distinct brain 
exists, nor any auditory organs. 

There is no heart, but several of the great vessels are rhyth- 
mically contractile. The walls of the pharynx are perforated 
by many slits, and ciliated. The liver is sac-like, and no kidneys 
have been discovered. 

This order is represented by the single species AmphioxuM 
lanceclafus. 
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CHAPTEU VI. 

•! "E Or.DEKS INTO WHICH THE CLASSES OF THE TNVERTEBRATA 
A HE DIVISIBLE. 

1. The Mollusca. 

The Cephalopoda an* (livi<led into two orders, tlu* Dihran- 
r/oW^«*oid th(‘ Tefrnhranchiata, 

1. Ill the l>iBUANCinATA, the processes (“ Arms ”) into wliich 
the margins of tlie foot are divid(‘d are, not more than ten in 
Tumiber, and tliey are provided with aeetahnia, or suckers. 

The funnel is a eoni{>Ictc tube. When a judlial shell is 
developed, it is internal, or envtdopcd by a ])rolongation of tlu^ 
mantle, and does not lodge the body. Tin* beaks ani liorny. 
Tliere are only two gills; and there is an ink-bag. 

2. In the Tetuabkanchiata, represen t(*d by the l^early 
Nautilus, the processes into which tin* margins of tho foot are 
diviiled are very much more numerous, 1!h(^y liear no acetabnia, 
but each contains a retractile t<*ntacle. ^J'he funmd is open below\ 
The shell is pallial, external, chambered, and sipliuncnlated. 
The beaks are more or Jess covered with calcareous matter. 
There are four gills, and no ink bag. 

I am not satisfic*d that any good divisions having the valin* 
of orders have at present been formed among the J^teropoda, 
Pvlniogasieropoda., Branchiogasterojpoda^ and LamelUhranchiata. 

II. The Molluscoida. 

The Ascidioida are divisible into three orders — 

1. The Bbanchialia, in which the branchial sac is very 
large, in proportion to the intestine and generative viscera, so 
that these usually lie on one side of it. 

I 2 
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This order contains the ‘‘Solitary Ascidians,” Peroiphora, 
and the BotryUidm, Pyrosmidss, and Salpidm. 

2. The Abdominalia, in which the branchial sac occupies a 
comparatively sftiall proportion of the body and lies altogether 
in front of ihe intestine and reproductive organs. (Jlavdina, 
Amoroiuiium, and the remaining “Compound Ascidians.” 

I formerly proposed a third order — the Larvalia — ^to contain 
Appendicidaria, which differs from all the rest in retaining the 
larval tail as a locomotive organ, and in many other peculiarities. 
But as, up to this time, all the individuals of this genus which 
have been discovered have been males, it is possible that the 
females will turn out to be more complete and of a more ordinary 
type of structure. 

The Brachiopoda. — O f these there are two well-marked 
orders — 

1. The Articulata. — T he valves of the shell are connected 
along a hinge-line, which is often provided with teeth and sockets. 
The lobes of the mantle are united upon the dorsal side of the 
body. Tlie intestine ends in a blin l sac. 

The TerebrattUidaf lihy7ichonellidsc, Spiriferidse, and Or- 
ihidWi belong to this order. 

2. The Inarticulata. — T he valves of the shell are not con- 
nected along a hinge-line. The lobes of the mantle are completely 
separated. The intestine terminates in an anus on one side of 
the body. This order contains the Craniadse, Discinidas, 
and lAngulidm, 

The PoLYZOA are divisible into two orders — 

1. The Phyla CTOLCEMATA. — ^The lophophore, or tentacu- 
lated owd disk, is bilaterally symmetrical, and a process — the 
epistome — overhangs the mouth. 

The Lophophea and Pedicdlinea are comprised in this order* 

2. The Gymnolcehata have no epistome, and the lopho- 
phore is orbicular. 

This order comprehends the Urnaidlea^ Podudicdlea, Cy- 
doakmataf Ctenosiomata, and Cheilostoniata. 
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III. The Ccelenterata. 

The* Actinozoa. — I cannot distinguish more than two 
groups of ordinal value in this class. * 

1. The Ctenophora. — Free swimming organisms, provided 
with symmetric'ully disposed bands of large cilia which sub- 
serve locomotion. At the end of the body opjKwite the mouth 
the common cavity opems externally — in some species by two 
apertures between which a nervous ganglion and otolithic sac 
may be discovered. The mesenteries are very thi(*k, while the 
intermesenteric s[)aees take the form of canals. The genera 
Berde, Oydippe, Ceafuni, &c., belong to this order. 

2. IMie CoRALLiOENA. — These animals are organized upon the 
same t)lan as the Actinia d<‘scribed above, with variations in the 
number and proportion of the parts, and in the forms of the 
masses which are produced by the gemmation or fission of the 
first-formed individual. Most of them give rises to a calcareous 
skeleton, which may have the form of detaeihod spieuila, of a 
solid axis, or of a tlieca or cup for each actiniform zooid, or of 
some combination of these. 

The Aciinim, Gorgonise, and coral-forming animals in general 
constitute this order. 

The Hydrozoa. — Three divisions of ordinal value may bo 
distinguished among the animals cemstituting this extensive 
claas. 

1. The Hydrophora. — The alimentary zooid, or polyj)e, is 
provided with numerous tentacles, which are either set round 
its mouth or scattered over its surface. Wlien free-swimming 
reproductive zobids are developed, the genitalia are borne by a 
nectocalyx, or swimming-bell, the inner margin of the aperture 
of which is produ(;ed into a muscular velum. Such zooids are 
always formed by budding, and are commonly called craspedoto, 
or gymnophthalmous, Medusae, 

The immediate product of the growth of the embryo is a 
fixed Hydroid, Tubularian or Sertularian Polype. 

2. The SiPHONOPHOHA. — The alimentary zodid never bears 
numerous tentacles around its mouth or on its surface, but such 
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organs are developed either singly from its base, or arise from 
the common body. ' When freenswimming reproductive zooids 
are developed, they are craspedote Meduses, 

The immediSte product of the growth of the embryo is a 
free Calycophoridan or Physophoridan Polype. 

3. The Discophora. — The immediate product of the growth 
of the embryo is a fixed polype provided with tentacles arranged 
on the circumference of the body, at some distance from the 
mouth. When free-swimming reproductive zooids are produced, 
they are developed by transverse fission from this primary form, 
and consist of a disk or umbrella, devoid of any velum, from the 
centre of which the gastric apparatus depends. This is called 
an acraspedotc, or steganophthalraous, Medvsa, 

Lucernaria, Cyanma, Rhizostomaf and their allies constitute 
this order. 

Not improbably a fourth order will have to be added to 
these three, for the Trachymedum of Haeckel. 

IV. The Annulosa. 

The arrangoinent of the class Insecta into orders is hardly 
to be regurd(*d as complete at present, but several groups are 
very clearly distinguishable from one another. These are — 

1. The CoLEOiTERA, which are provided with mandibles and 
maxilltr adapted for masticatory purposes. The wings are 
rarely absent ; when present the anterior pair are converted into 
horny or leathery elytra, which are not used in flight, and serve 
during rest as covers to the posterior wings. These are mem- 
branous and can be folded up longitudinally and ansversely. 

Metamorphosis is complete ; a quiesceof ' . stage, in which 

the limbs of the pupa are free, being ' jsed between the 
active larva and the sexual, or imago, sta 

This order contains the Beetles, Cockenafers, Weevils, etc. 

2. The Hymenoptera have mandibles and rnaxill® adapted 
for biting and cutting. The first pair of maxillse may be produced 
into knife-like blades, and the second pair into a sucking pro- 
boscis. Both pair of wings take part in flight, and are alike 
membranous, transparent^ and reticulated. In the females 
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certain appendages of the hinder somites of the abdomen become 
converted into a sting for offence and defence, or a borer or saw 
for ovi position. 

Metamorphosis is complete : the limbs of tko pu])a are free. 

The Bees, Wasps, Ants, Ichneumon-flies, and Saw-flies 
belong to this order. 

3. The LEPiDori’EitA. — The labrum and mandibles arc 
aborted, and of the soeon 1 pair of maxillm (or labium), only the 
palpi are well developed. The first pair of maxillie are 
prolonged, and give rise by their union to a tubular suctorial 
proboscis. 

Wings are absent only in the females of a few gtmera. When 
present, both j>airs are reticulated and membranous in textun?, 
and are covered with delicate eiiticuhu* scales. 

Metamorphosis is eomphde. The larvae have masticuitory 
jaws, and sjairious feet attached to several of the Koniitf‘H of the 
abdomen. Tlie liiu])s (»f the jmpa* are firmly fixed to the sides 
of the body by its out(‘r coat. 

Tlu‘ Butterdies and Moths compose this onler. 

The Diiteua. — Tlio labium (tiic. coalesced second pair of 
maxilla*) is imxluced and forms the chief part of u proboscis. 
Tlic mundibh'S and maxilla? are converted into stylitbrm cutting 
organs coniiecU'd ^^ith this. The maxillary palpi are well 
develo]>ed, the labial palpi absent. 

Only the auteiior j>air of wings is well dt'velojwd and used 
in flight. They are iiiembranous and miked ; the jmsterior wings 
are (jon verted into little knobbed stalks, the haltercfs. 

Metamorpliosis is (uanplete. The larvoi are a|Kxlal grubs. 
The ])upa) are either iiielos(Ml in the hardened larval skin, or 
resemble those of the Lejtidojdera. In the latter case, when 
the pupm are aquatic in habit, they may swim about by using 
the abdomen as a locomotive organ. 

This order contains the Flies, Gnats, and Fleas (tho last aro 
without wings) . 

5. The Hemiptera. — The labium is produced and divided 
into three or four joints. The labrum, mandibles and maxillaa 
are more or less produced into styliform cutting organs. Neither 
labial nor maxillary palpi are present. 
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The anterior wings may be more or less dissimilar to the 
posterior, and simulate elytra. 

Metamorphosis is incomplete ; that is, the insect remains 
active through aiil its changes, from the larval to the perfect 
condition, except in the case of the male Goccidm, which undergo 
a complete metamorphosis. 

The Bugs, Cicadas, Lantern-flies, Plant-lice, Cochineal Insects 
and Lice belong to this order. 

The proper grouping of 'the insects which do not fall into 
any of the orders which have now been mentioned is still a 
matter of doubt. 

Those with a complete metamorphosis have been distinguished 
under the following heads — 

1. Strepsiptera. — The jav^s are abortive and useless for 
mastication. The maxillary pal})i are present, while those of 
the labium are absent. 

The anterior wings are represented by twisted rudimentary 
appendages of the mesothorax. TIk* jwsterior wings are large, 
folding longitudinally. 

The larva), which are parasitic on the bodies of Hymenopteray 
are nt first six-legged and active, but lose their limbs and 
become vermiform. 

The females remain in this condition throughout life, while 
the males undergo a complete metamoqjhosis and are extremely 
active in the imago state. 

2. Trichoptera. — The jaws are abortive, but both maxil- 
lary and labial palpi are developed. 

The wings are dissimilar, hairy or scaly ; the posterior wings 
are usually folded. 

The larva) resemble those of the Lepidopiera, They have 
masticatory jaws and are aquatic, constructing cases in which 
they reside and eventually undergo their metamorphosis. They 
commonly breathe by tracheal gills. 

The Caddis-flies exemplify this group. 

3. Nburoptera. — The jaws are well developed and masti- 
catory ; both maxillsB and labium are provided with palpi. The 
wings are similar and membranous. 
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Metamorphosis is complete; a quiescent pupal condition 
being interposed between the larval and the imaginal states. 

The Ant-lions, Lace-flies, and Scorpion-flies are included under 
this division. • 

Of the remaining insects, which have an incomplete meta- 
morphosis and masticatory jaws, many have been included under 
the head of 

4. Okthoptera. — But the assc^mblage is a very miscel- 
lancons one, and contains a number of remarkably different 
typos, of which the chief are — 

a. The restricted Oy^thopieray which have the anterior 
wings coriaceous and elytra-like, the posterior wings incm- 
f)ranou8 and folded. 

These are the Cockroaches, Mantidcs, Leaf and Stick 
Insects, Grasshoppers and Locusts. 

h. The Dermaiopitera , — The anterior wings are converted 
into elytra ; the posterior membranous and doubly folded. 

The Earwings alone are contained in this grouj). 

e. The Corro^mila, or Termiiimh have the foro and 
the hind wings similar and not folded. 

The genus TermeSy which belongs to this division, in- 
cludes the so-callcd "White Ants,” whose destructive 
ravages are so well known in tropical countries. Besides 
sexual iudi^iduals, there are two sexless forms, terraod 
"soldiers” and "workers.” The male and female Ter- 
mites alone have wings. The hinder wings are not folded, 
and both pairs fall off* after copulation. 

d. The Perlarias have membranous hairy wings, the pos- 
terior folded lengthwise ; and aquatic larvce, with mote or 
less distinct tracheal gills. 

e. The EphemeridaSy or Day-flies, have the jaws rudi- 
mentary ; the posterior wings not folded, much smaller 
than the anterior, or absent. 

The larvsB are carnivorous, with well-developed jaws and 
tracheal gills. The imagines undergo eedysis after leaving 
the pupa, in which circumstance they stand alone among 
insects. 
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/ The LtbeUulidse, or Dragon-flies, have well-developed 
jaws and are predaceous carnivores. The wings are similar, 
membranous and reticulated. 

The larval are provided with tracheal gills, and are as 
predaceous as the imagines ; the labrum being converted 
into a peculiar mask-like apparatus. 

The wings of the UhdlulidsB are moved by muscles 
which are attached directly to them ; and the males have a 
peculiar copulatory apparatus attached to the ventral 
portion of the second somite of the abdomen. 

• 

Three groups of insects, with incomplete metamorphosis, 
remain, which do not fit well into any of the preceding assem- 
blages — 

a. The Ph/ysopoda, comprising the genus Thrips and 
its allies, have a proboscidiform mouth, styliform man- 
dibles, and maxillm united with the upper lip. Both maxil- 
lary and labial palpi are developed ; the wings are similar 
and unfolded. 

h. The Thfsanura have biting jaws, no wings, and scaly 
bodies. Some possess a peculiar springing apparatus de- 
veloped from the abdomen. 

The genera Lepkma B.ndPodura belong to this division, 
c. The Mallophaga, or Bird-lice, have masticatory jaws, 
are devoid of wings, and live parasitically, chiefly upon 
birds, whose feathers they devour. 

The Mvuiapoda are divided into two orders — 

1. The Chilopoda (Centipedes) have the head and the seg- 
ments of the body broad and depressed, and each segment bears 
only one pair of limbs, which are separated by a broad sternum. 

The aperture of the organs of reproduction is situated at 
the posterior extremity of the body, and the males have no copu- 
latory organs. 

2. The Chilognatha (Millipedes) have the head and seg- 
ments of the body rounded or compressed. All but a few of the 
most anterior segments bear two pairs of limbs, attached close 
together upon each side of the middle line. 
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The reproductive aperture and the copulatory organs of the 
males are situated on the ventral surface of the second to the 
seventh segments of the body. 

The Abaohkida are divisible into six orders — 

1. The Abtubooastba have the abdomen distinctly divided 
into somites, and passing by a broad base into the oephalo- 
thorax. Eespiration takes place in some by lung sacs, and in 
some by tracheae. 

Scorpio, Chelifer, Phrynua, Fludangium, Qaleodes, are the 
principal genera embraced by this division. 

2. The Abaneika (or Spiders) have the abdomen not seg- 
mented, and connected with the cephalotiiorax by a narrow 
peduncle. The antennae are subchelate. The mandibular 
palpi are filiform, their extremities being peculiarly modified 
in the males. The two pair of maxillm are leg-like. 

Four or six conical papillae are situated on the ventral 
surface of the abdomen, in front of the anus, and give exit to 
the secretion of the silk glands. 

There are two or lour pulmonary sacs, and two stigmata 
connected with tracheae. 

3. The Acarina (or Mites and Ticks) have the abdomen 
unsegmented, and passing without any constriction into the 
cephalothorax. 

The parts of the mouth are frequently converted into a 
suctorial ajiparatus. When distinct respiratory organs are 
present they take the form of traclieas. 

The foregoing are what may be called the typical Arachnida ; 
the three following orders are aberrant forms — 

1. The fresh-water Arctisca or Tabdigrada (Water-bears), 
are minute animals, which have no distinct abdomen, the 
vermiform body representing the cephalothorax, which possesses 
four pair of rudimentary limbs. The fourth pair are completely 
posterior. 

The mouth is a suctorial tube, containing two stillets. 
There are no respiratory or circulatory organs, and the sexual 
apparatus is hermaphrodite. 
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2. The Fycnogonida are marme, and also haye the abdomen 
rudimentary; but the legs, of which there are four pair, are 
enormously long, and many-jointed. There is a chambered 
heart, but no respiratory organs. The stomach sends csecal 
prolongations into the legs. The sexes are distinct 

3. The Pentastomida have long, annulated, vermiform 
bodies. Two hooks, representing limbs, are placed upon each 
side of the mouth at the anterior end of the body. There are no 
respiratory or circulatory organs, and the sexes are distinct. 

In the embryos, *the anterior part of the body is provided 
with four short, articulated limbs ; while, posteriorly, it is pro- 
duced into a relatively short abdomen. 

These are parasitic animals. Pentastorm taenioideSy which 
lives in the frontal sinuses of the dog, is the sexual form of P. 
deniiculatum, which is found in the lungs and liver of Babbits. 

The Orders of the Crustacea are — 

1. The Podophthalmia. — These have twenty somites in the 
body ; a carapace developed from more or fewer of the thoracic 
somites; branchim attached to the thoracic limbs or somites, 
and a short more or less quadrate heart. With rare exceptions, 
the eyes are placed upon movable footstalks. 

Tliis order contiiins the Crabs, Lobsters, Shrimps, and 
Diastylidse, 

2. In the Branchiopoda, the body is composed of more or 
fewer than twenty somites. The thoracico-abdominal appen- 
dages are foliaceous, and resemble the anterior maxillipeds of 
tlie Podophthalmiu, The carapace,^ if present, is altogether 
cephalic. The heart varies. 

Nebalia, Apus^ Branchipus, Daphnia, belong to this order. 

3. The Ostracoda jjossess a hard, bivalve, hinged carapace. 
The total number of appendages, including those attached to 
the head, does not exceed seven pair, and the thoracic limbs 
are strong legs. The antennce are similar in form and function 
to the latter. The abdomen is altogether rudimentary, and tliere 
is no heart To this order belong the genera Cypris and 
Cyihere. 

4. The Pectostraoa are Oruskusea which are fixed in the 
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adult condition^ but leave the egg as actively locomotive larvm, 
provided with a discoid carapace and three pair of appt'ndages, 
which represent the antennules, antenna?, and mandibles of tho 
higher Crust<icea, After a time, these hirvro^inoult, the cara- 
pace becomes bivalved, the antennules are converted into 
organs of prehension, and several pair of })addle-like thomcic 
limbs appear. The further state of the larvm differs in the two 
principal subdivisions of this order. 

In the Bhizocepliala, which are parasitic upon other Crus- 
tacea, the anterior region of the body givivs out filaments, whicli 
grow like roots into the body of the animal which bears tlu^ 
parasite. 

In the Cirripedia the larvaj first adhere to foreign bodi(‘8 
by tCe suckers develop€*d upon the prehensile antennae, and 
then glue themselves in this position by the secretion of a 
“ cement gland.” Tlie anterior part of the body next Imjcoiuch 
enlarged either in breadth or length, or both, into a peduncle ; 
and, usually, definite calcifications occur in tho carapace. 
The thoracic limbs of tho larva are commonly preserved tis 
six pair of cirrated appendages, and tho animals are very 
generally hermaphrodite. Sometimes, liowever, they are 
dioecious ; and some of the hermaphrodite forms have “ supple- 
mental males.” 

The “ Acorn Shells ” and Barnacles are common examples 
of Gtrripedia, 

5. In the Stomapoda the axis of the ophthalmic and an- 
tennulary somites is parallel with that of the body generally, 
and these two somites are ordinarily movable on one another. 
There is a carapace developed from the head. The eyes are 
on movable stalls. The heart, elongated and many-chambered, 
extends through the abdomen. The branchias are attached 
to the abdominal appendages. 

To this order the Squillas belong. 

6. The Edbiophthalmia have sessile eyes. At fewest, five 
of the posterior thoracic somites are free and movable, and the 
anterior pair of thoracic appendages are converted into foot- 
jaws. There is no carapace. The heart is many-chambered, 
and the branchias may be thoracic or abdominal. 
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Most of these are aquatic and marine animals ; the Wood- 
lice are their terrestrial representatives. 

7. The Merostomata. — The body is divided into an anterior 
shield-shaped pdrtion, which bears the sessile eyes on its upper 
surface ; a middle part is formed by the rest of the somites of 
the body, and there is a terminal broad, or spine-like, telson, 
In the living King Crab (Limulus) there are thirteen pair of 
appendages. The five anterior pair belong to the head, but all 
have the form of locomotive limbs. The five posterior pair are 
broad lamellte, united in the middle line, on the posterior faces 
of which the gills are borne. The heart is elongated and eight- 
chambered. In the extinct Eurypterida only the head is pro- 
vided with distinct appendages, and, of these, the posterior pair 
are styliform, or paddle-like, swimming organs, 

8. The CoPEPODA are minute aquatic cnistaceans, which 
inhabit both the sea and fresh-water. Many, like the com- 
mon Cyclops, are actively locomotive animals, while many, 
on the other hand, are among the most sluggish and strangely- 
modified of fixed parasites. These last have been termed 
Epizoa, 

The locomotive forms have not more than eighteen so- 
mites in the body, the anterior part of which is covered by a 
carapace provided with a single, or double, median eye upon its 
dorsal surface. The antennulos are large oar-like appendages, 
and are the chief agents in locomotion, which is aided by the 
paddle-like posterior thoracic members. 

The heart is short, and there are no distinct respiratory 
organs. The sexes are in distinct individuals; the female, 
among the parasitic forms, being often very much larger than the 
male. The larvae leave the egg as oval bodies, provided with 
two or three pair of oar-like limbs. 

9. The Trilorita are Crustacea which, like the Eurypterida^ 
have been extinct since the palmozoic epoch. The form of the 
head is as in the Merostomata ; in most cases it bears sessile 
eyes of a similar character. On its under surface a large labrum 
is attached, but no jaws or other appendages have yet been 
discovered, and the ventral wall of the body seems to have 
been completely membranous. The cephalic shield is dis- 
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tinguished by the presence of a suture dividing its median from 
its lateral regions. 

The Annelida are primarily divisible into^two groups — the 
Chirtophora and the Di4tcoj>hora, The former fins probably 
more than a merely ordinal value. 

1. The Ch.etopiiora have chitinous setm dovclof>ecl in sacs 
of the integument. These are 8onu‘tiine8 men*ly implanted 
in the walls of the somites, at others, they are lx)rne by distinct 
rudiments of limbs, or parnjx>dia. TIh'v never possess sucker- 
like organs of adhesion. 

The Errantia and Tuhicola, the Earthworms, and tlui 
Gepliyrea form this division. 

2! The DisooriiORA (or Leeches) never j)oss(»8s paraiuMlia 
nor lateral series of seta* o<*eu])ying their place, but tlioy are 
provided with one or more sucking disks. 


V. The Annuloipa. 

The groups comprehended under the tith‘ of the Seoi.ErTDA 
are probably of greater importance than orders, but for the 
present I shall take them as such. 

1. The Trematoda (or Flukes) j) 08 s(*s 8 aii'ulimontary canal, 
but are always devoid of an anus, and are usually provided with 
one or more suckers for adhesion to the animfils in, or on, which 
they are parasitic. The body is not covered with cilia in the 
adult state, nor is it segmented. There is only one set of 
sexual organs — usually hermaphrodite. The larvai are often 
tailed or cercariform — never provided with three pair of 
hooks. The species have asexual conditions, but are never 
“ cystic.” 

2. The T^eniada (or Tape Worms and Bladder Worms) 
possess no alimentary canal. The anterior end of the body is 
provided with suckers, hooks, or foliaceous appendages, or with a 
combination of all three. The hermaphrodite reproductive 
organs are serially repeated, many times, in the body. The 
larvsB are oval, and provided with three pairs of hooks, arranged 
in bilateral symmetry. Beside the ‘ cestoid” sexual forms, 
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there are “ cystic ” asexual conditions of most, if not all, the 
species. The Tsendada are internal parasites. 

3. The Tdbbellaria are non-parasitic. Their flattened or 
elongated bpdiet^are covered with cilia throughout life, and are 
not provided with suckers. They may be hermaphrodite or uni- 
sexual. To this order belong the genera Planaria and Nemeries, 

4. The Acanthocephala are unsegmented, vermiform, in- 
ternal parasites (Echinorhynchus), devoid of any alimentary canal, 
and adhering by means of a proboscis, which is covered with 
spines. The sexes are distinct, and there is only one set of repro- 
ductive organs in each individual. 

5. The Nematoidea (or Thread Worms, including the 
Gordiacea) have vermiform non-ciliated bodies, devoid of seg- 
mentation. The integument is dense, and beneath it lies a 
single layer of muscles, usually divided into four longitudinal 
bands. The intestine is straight, extending from the mouth, 
at the anterior end of the body, to the anus, which is more 
or less near the posterior end. In some few species the intes- 
tine is abortive. The sexual organs are tubular glands, open- 
ing externally by a single aperture, and are usually lodged 
in distinct individuals. The embryo at once takes on the 
form of a worm. 

There are both free and parasitic Nematoids, and some 
species pass part of their lives in the one condition, and part in 
the other. 

6. The Rotifera (or Wheel-animalcules) have subcylin- 
drical bodies, more or less distinctly annulated. The oral end 
is provided with cilia, arranged to form the chief locomotive 
organs, but there are no cilia on the rest of the body. The 
alimentary canal is provided with a peculiar gizzard. The 
sexes are distinct, the males being frequently smaller, than the 
females, and having the alimentary canal abortive. 

The Echinodermata may be divided into seven orders-* 

1. The Eohinidea (or Sea-urchins). — The body is spheroidal 
or discoidal. There are five main ambulacral tubes, which 
extend from the mouth to the apex, or summit of the opposite 
side of the body. The corona or main part of the skeleton is 
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composed of, 1. Series of plates wLicli lie superficial to the 
arabulacral canals, and are called ambulacra!, bein<r perfonited 
for the canals of the feet. 2. Plates which In'tween those 
series, and are ternn'd interambulacral. 3. Five ocular and five 
fjenital pla<e< at the apical ends of the anibulacral and intor- 
ambnlacral scries ri*spt»ctively. 

The larva* are pluteiform. and have a skelt ton. 

2. The HoLOTinmiDEA (or Sea-slugs). — Tlie body is vermi- 
form. The ambulacra! tulx^s extend, as in the Kclnnid(*a, from 
month to apex, but tliero are no n'gular ambnlacral and inb rain- 
bulacral plates. The genital organs liave a single aperture 
towards tlie anterior part of the body. 

Tli^^ larva) are vermiform, and have no skcdc'ton. 

3. The Astekidfa (<n’ Star-fishes). — The body is p(*n1agonal, 
or stellate, and d('j)ressed, tlie mouth Ix'ing in the middle of one of 
the flat sides. The ambuhicral tubes extend only to tin* extrenn* 
bonndariesof the oral face of thediscoidal body. Hard plat<‘s,(>r 
ossicles, articulated together, constitute the shehdon, and a double 
row of these lies on tlu^ deej) sid<‘ <»f the ambnlacral canals, which, 
on the suj)erficial side, are covered only by tla^ integument. 

The larva* are vernjifonn, and have no skel(‘ton. 

4. The Ol’iiiFlUDEA (or Sand-stars). — The hody is depressed, 
and gives off five arms of a different structure from itself. 
Each presents a central axis, formcfl by a chain of (piadratc 
ossicles, and, for each ossich*, a zone (»f four superficial plates, omi 
ventral, one dorsal, and two lateral. The ambnlacral vessel lies 
b(*tweeii the ventral plat<*s and the (piadratc; (ossicles, and only 
extends to the summit of each arm. 

The larva) are pi a toi form, aud have a skcd(;ton. 

5. The CuiNOiLcEA (or Feather-stars). — The body is cup-like, 
sometimes stalked and sometimes sessile. It gives off a 
variable number of arms (usually five). The mouth is plac(‘d in 
the middle of tlie cup, and the principal {dates of the skt'leton, 
wliich arc regularly articulated tog(*lher, are develojied on the 
opposite side of the body to that on which the mouth is situated. 
The arms are provided with articulated lateral jirocesses or 
pinnules, clothed in a broad membrane, in which the reproduc- 
tive organs are placod. 

K 
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The embryo is free and ciliated, and developes within 
itself a second larval form, which becomes fixed by a peduncle. 

The Crinoids are so different from the other living Echino- 
dermata that they willj probably have to form a distinct 
primary division, or sub-class of the class ; and this may possibly 
be the case with some of the following extinct forms. 

6. The Cystidea. — The body spheroidal or ovoidal, inclosed 
in suturally united plates, and stalked. At the opposite end 
to the stalk is a terminal aperture, surrounde 1 by arms ; and on 
the side of the body another larger aperture, closed by a pyramid 
formed of triangular plates. 

7. The Edriasteuida. — The body depressed, hemispheroidal, 
inclosed in suturally united plates, but not stalked. In the 
centre of the conv(*x face is an aperture from whence five am- 
bulacra radiate : between two of these is a pyramid like that of 
the Cystidea. 

8. The Blastoidea. — The body is inclosed within suturally 
united plates, and stalked. There is no pyramid. A central 
aperture appears opposite the stalk, wluuice five ambulacra with 
a very complicated structure radiate ; in four of the re-enteiing 
angles, befw'een the ambulacra, is a pair of small apertures ; and 
in the fifth, two small apertures, with a larger one between them, 
are placed. 

These three groups have been extinct since the latter part 
of tlie palteozoic oikicIi. 
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Abi>omen (aMere, to poncoal'i, ni MnmmnNa tho part of th(' trunk )>t>low tlu* 
diaphragm ; in ln»c/ita tlu* thinl poaU‘8c<*tl Hogniont of the lMHjyf»f tho hntujo. 

AcALErn^T: a lu ttli*), jolly-fiuh : thoy fornu*<l a class of ( 'uvior’s Hodiata, 

and arc now inchidod under JlydroziKi. 

Acavtho(UU'I 1 ALA (^6.Kayda, (i tlioni : lu*a<l), a gr<*up iif Sooleoida. 

AoakinI {&Kapiy a luito - Arist. Hist. An. v., w.vii. 2), an onl r of Araohnida. 

Acetaiu li M, a vinegar Ixml applii d to the t>f the hip-joint in 

Vertahrahi, and t<» the siiekers on the tiMitaeles of ('t phiitopmla. 

ActiN(»/.oa a ray ; twoe, an aninml), a elaas of ( '«elenlerata. ( ’f. Authozon. 

AlisphknoM) (<//n, a wing ; wetlge ; ^5«f, lorni : the hihml part of the secoud 

cranial segment, the greater wings of the sphenoid hone in Sian, 

Allantois (^Aas, a sausage), a fmtal lueinhraiu* of Aniniotie V«*rtehnita. 

Alveoli s ( dim. of alcMS, holly ,a Imllow cavity, 8|)ecmlly applied h* the sockets of 
teeth. 

Amu’LACKUM, a garden walk (andmUtrf ), applied to the j»t‘rforated sjiaces which 
run from the a[H*x to tlu* haw- of a Ht*a-urchin. 

Amouia (dfioi/3^, a change), one of the I’rotozisi wliic'Ii is (Muitinijaily changing its 
form: hence it was formerly called Proteus. 

Amphibia latth ; life , living on land and water, and so applied by 

Liinnicus to Ueptiles and by cithers to S<*als {ViHnljmiia)^ hut now recognised 
as the title of a class of Vertc*brata, Cuvu-r’s Jlufrachuiy which at some time 
or other cjiii breathe either in air or water. 

Amputoxus l»oth ; d^vs, Hhar]i), tlu* gc'iieric name of a flsh, the only member 

of the order Pharyngobranchii, whicli has no enlargement of tho brain or 
skull, and therefore tajiers nearly cipially at each end. 

AMPHiiimA (dfi<piy lx>th ; iroi'is, fiKit). n group of ('rimtucm in which the feet stirved 
both for walking and swimming, included und(*r KdriojMhulmia. 

Analogy (di'oAoyta, projKirtion), the relation ls*tween parts which agree in 
function ; as the wing of a bird and a butterfly, the tail of a whale, n fish and 
a sagitta. 

Anktlobis < dyicsAourtt, — sometimes written anchylosis— in anatomy, the coales- 
cence of two Ixines so as to prevent motion Vjetween them. 

AinnELiDA or ** Annulata ** (anneUus, dim. of anulw or annuluSy a ring), a class of 
Anntdom. 

Annl'Uisa (unntdus, a ring), a primary division of the sub-kingdom, corresjiondirig 
with Cavior’s Artieuluia. 

AKOPLOTHKRirM (d privative; Sx\oy, a wea{K)n), an extinct genus of mammals 
unprovided with horns. 

Amtshna (tho yard of a ship), applied to the apiiendages of one srsnite of the head 

K 2 
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in Insects, and two in Crustacea, the anterior in the latter cose Ijeing dis- 
tinguished as Aidmnnlo*. 

Anthozoa (JitfdoSf a flower ; (iwov, an animal), a class of Ctr lenterata, otherwise 
called Atrlinozon, and formerly ZoophytcL, or animal plants, corresponding 
partly to Cuvier’t Polmii. 

Apteryx (i priv. ; irr^pv^, a wing), the wingless bird of New Zealand, one of the 
liatitm. 

Abachnida (dpaxvVi a spider), a class of arthropodous Annulosa. 

Araneina (aranea^ a spider), an order of Arachnida. 

AacBUEOi>TKRYX (^dpx^ios, ancient ; irr^puf, a wing), an extioet genus of birds, the 
only representative of the order Saumrx. 

Abctisca (ipKTos, a bear), an order of Arachnida^ known as water-bears, otherwise 
called Tardifjrada. 

Arthrogabtua (ipdpov, a joint; yourr-ftp, belly), an order of Arachnida with 
distinctly jointed abdomens. 

Artiiropoha i&pOpov^ a joint; wouj, a f<iot), those Annnlose clas.ses which have 
jointed limbs. 

Artici lata {art.indug^ dim. of nrtuSj a joint', animals with jointed Ixidief^, other- 
wise culled Annulom. 

Ahtiodactyla (Uprioi^ even; 5d/fTuAos, a finger or tm*), an order of Mammalia, 
with tlui toes of the fiH't either tw'o or four in number: it includes the 
Ruminantia and some of the l*achydermata of Cuvier. 

Asoaris (iersap/s, a maw- worm), the “ruund-norm,” one of the human ICntozoa. 

Abcidioida a bag), an order of Molluseoida, otherwise ealhd Tuuicata. 

Abteridea {dffriip, a star, a star-flsli— Arist. II. A. v., xv. 20 1 , an order of 
Echmodermain, 

Astraoalus (dffrpdyaKos, a huckle-bone), the tarsal bone which articulates with 
the tibia. 

Atlas C'AtAos, the god who holds up the eartli). the vert(‘bm which articulates 
with the skull. 

Atbipm (a hall). aj)plied to the cavities piH’uliar to the Mollmcoida. 

AtuucLE {auricula, dim. of auris, an ear , apinied to an apjiendage of the heart in 
Mammals, and thenoe extended to the cavity of a heart of w’hatever fonii 
which n reives bl<MHl and pr<»iH*l.s it into the ventricle. (This cavity is 
gonejally called airium in (h'rman works ) 

Axilla (the long form of ala, a wing, as majcilla of mala), the arm-pit. 

Axis (&(wp), a pivot : the secoml cervical vertebra on which the skull and atlas 
commonly rotate. 

Azyoos (d priv. ; ([irydy, a yoke, a pair), an organ in the middle line of a bilaterally 
symmetTic4d animal, which has therefore no fellow. 

Balken (Ixi/jcna, <pa\\a(vu, a whale — Arist. H. A. i.. v. 2), the horny plates W’hich 
line the roof of the true whales’ mouths, commonly calletl whidebonc. 

BASiotxni’iTAL {Itattit, oh, caput), the centre of the first cranial segment, corre- 
sponding with the basilar process in liumaii anatomy. 

Basisfubnoii) (0d<ris, a<t>nvoeiB-fjs, wedge-shaped), the ct'ntre of the second cranial 
st'gmcnt of the skidl, corresponding with the Uxly of the sphenoid behind the 
Bella Turcica in Man. 

Batraouxa {$drpaxos, a frog), an order of Cuvier s system, which corresponds 
with the class Amphibia: now useti as an order of this class, oorrespunding 
with Anura, or tail-loss Amphibia: r. Uropela. 

Belodon {$4kos, r dart ; a tooth), an extinct genus of Crocodilia. 
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Bi^astudeum {$\curr65, a sprout , Hkin), the BUfH'rfieinl Burfaw of ihv emhiyo 

in its earliest C(»iulition. 

Blabtoidea i$Kaar6sj a sprout ; tISos. apivamnee), an extinet onler i>f /.V/imo- 
dermnta. 

BOTHRKNf’KrHALis ($66f>o5, H pit .* Kf<pa\^, head\ the himtl-wonn, a p'mis of 
TxnitMia. 

BitAciiioi'oDA {Ppaxiwv, the arm : rrovs, foot), a ehuNS of Mallusnu'dn^ formerly callt'd 
PaUhhrauchuita from a mistakt'ii theory that their mantle nets as a respiratory 
organ. 

Bract (hnu-tra, a thin layer of metal or \\o(»*l), apjiliiHl in /oelogy tt> |>nrt of a 
hydro/.(*on, froni iim resi-mMance to the l*raet or Hla*ath «*r Ihiwt'rs. 

Bradmm s (3^a8i>s, slow : iroes, hull a gt'iiii.H of PiU'iittihi, the sloths. 

Brancjikkiasteuoi’ooa (/3/ja7X*®i gills -Ari.st. II. A viii, ii. S; 70 (rr'^^», helly ; 
iroyj, fiM>t), a elass of gasterop<Hlon.s mollusks w hich breathe l»y gills, 

BRANCHiortmA gills ; TToiW, foot), am»rd»‘r of Crmiarea in which the feet 

are UKHliihsl tf» serve for respiration. It includes the orders rinjIUtjHHla and 
Chuinvvra of Miliu -hMwards. 

Bi{AN<1iio-stk«;ac r.i\s {fipdyxta, gills: (TTcy^j, to eovtr), paits <»f the hyoid 
upimratus in ti^h which supiM>rt the nu'iiihrum' covering the gills, 

Bysers ($va<rot^ line linen), silky tlirtiid.H heereted from tin! mantio of some 
MoHukUs. 

Caiu eoi s mdo, fall), formed so as to fall oil* 

C.Kci .M (re. uitentinuni), a Mind pukm>m of the alimentiry canal. 

(’alc'ANEI M, <»r ox nth'ix (co//, the he<‘l), the hoia* of tla* iurxux w hich forms tla* 
prominence of the heel or las'k. 

Canine (d( ux conhtiix), llic eyc-hsith, wi ll dcv< lopi*d in (logs and other carnivora, 
delim d as that which comi*s next t«s the pncinaxillary suture in tho n]»jH>r 
jaw of Mammals and t -at of the inaielilile wh I’li shiitn in Iroiit of it. 

Carinata-: (rnrtHd, a keel), an order of Biul.s which liavi* the sterna Jiiised into a 
mcHiiaii lidge or keel. 

Caunivoi:\ (aim, flesh : nmirr, to devoui), an order hf Mamiiiulia. 

Carim s {KttpTrds, the wrist), the Imiiics hetweeli the fon’iiiin and the hand, usually 
eight in miiiibcr in the higla-r Vfrtrhmtn ; the wrist in Man, tho “ kneo” in 
tho Horse. 

Cell {reUa, a small room), often applied to any Hinall eavity, hut projM*rly 
restrieted hi a mierosi' 0 [iie mi.itoiiih al eleiia-iit, with a nnelous, oolhwall and 
cell-contents, when ty|aeally formed. 

Centium (K«Wpoi/, a jiiiek, made hy one hg of a |.u'.r of roiii]>aMS4>s;, a cont:o> 
applied sfiecially to the “ l>o lies” of vertebra). 

Cephalopoda heail ; irous, foot), a elass of Mollusks. 

Cei’HALotiiohax {Kf^oLKi], head ; dtipa^f breast;, the uniti^d head and thorax of 
CrmUicea and Arachnida. 

Ceui'auifurm, like the Cerearia (k^^kox, tail , an uqu.itic woini which is one stage 
in the developrai lit of a 'JVeiiiatiKle lluke. 

Cetacea (kt/toj, a whale), an order of UtLimmalia. 

CHJsroGNATHA :^:aiTi 7 , hair; yyddos, ilio jaw), a class of Annuhwa of which the 
genus Siujitta is the only representative. 

Chjetopiiora Cxairri, hair ; (p*pu, bear), an order of Annelida provided with brisllot. 

Cheiroptera hand ; wrtpdy, wing), an order of Mummalin. 

Chel^ r®**" thorucie limbs in Ixibstcrs and 

their allies, tlic modified mandibles in i^orpions. 
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CmBLiOERiB (xv^'ht claw ; Ktpasy liorn, antenna\ the mridifiod anfennie of Scorpions. 

Chelonia (x^Xdfprt^ a tortoise an order of Reptiles. 

Chiasma (xiW/xa, a crossing, fr. ^ mark with a x), the commissure of the 

optic nerves which takes place in most Vertclyratu. 

CuiLOQXATUA lip; yvaBos^ jaw), an order of Myriapoda otlicrwise known 

as Diplopoda. 

CiiTLOPODA (xflAos, lip; irovs, foot), an order of Myriapoda, otherwise Syngnatha. 

OniMiBRA (xiftcupa, a monster like n goat), a genus of IClasinobraiichiate fishes 
which has been made into a separate family, tluj JToloecphali. 

Ohitin (x*t<6i/, a tunic ;, the hon>y covering of InsictB and other Annulosa. 

Ohlorophvll (xA«p<is, grcK'n ; <pvKKovy leaf), the colouring niatt.er of leaves. 

Chokton emutn), the vascular nunibrune wliich surrounds 

a vertebrate foitus. 

CiOATUici LA (dim. of dcairiv^ a scar), the opaque spot on the surface of a 
fecundated yelk. 

Cilia (pi. of cilium, an I'yelash), microscopic filaments wliich move rhythmically. 

CiKKiriCDiA {cirrus, a curl of hair; a foot), a grouj) of CniAtacen in wliich 
several of the legs iKJcome cirrous: plact'd by Cuvier among the MoUmra. 

Clavicij: ’davicula, dim of clariit^ a k(‘y , the collar-lxme of the pectoral arch or 
shoulder girdb* in Verteltrafa^ in birds called thi! merrythought. 

(h^oACA (a Bt'wcr), the common duct into which th(' rt'ctum, urethra and genital 
canals open in the Saurojmda and Mfmofrnnata. 

(kiCHLEA (»coxX(at, a snail), applied to part of the internal ear in the higher 
VerteJyrata^ from its spiral shajie in Man. 

Oelenteuata (koiAos, hollow ; (yrtpa^ viscera), a group of animals which differ 
from those below them in having a hollow digestive cavity. 

OcKNOSAtto (koiv6s, common ; o-apf, flesh), the common stem of a hydroid poly- 
pidom. 

CkKNUUVS (Koiyiis, ovpd, tail ', the hydatid form of the wandered scolcx of the dog’s 
taiieworm with its deuto-scolices attaclatl. 

CXiLEOPTEKA (KoXeds, A shcuth ; irrepSy^ a wing), an order of Insects with the 
membranous wings (second jiair) t nclosi'd in sheaths formed by the elytra. 

CoLuiiELLA (dim. of columnoy a pillar), the l>one of the ear present in several 
Amphibia and most Rauropsida, which answers to the dapee in Mammalia. 

OwDTLE (kovSuAos, a knuckle), the articular surface of a bone, esjx'cially of the 
occiput. 

OorEiHtPA (ireinrti, an oar ; irovs, foot), an order of Crustacea, including, beside the 
group BO named by Latreille and Milnc-Edwards, most of the Kpizoa or 
Ichthyi^ihthira. 

CoRAOOii) (ici$pa(, a crow, from its rt'simiblance to a crow’s beak in man), the 
second clavicle found in Reptiles, Birds, and Monotrenmta. 

CoBALLiGENA (^KopaXXiov, ooml ; ytv-, root t»f ylyvoixeu, produce), an order of 
Actifiozoa. 

Oourrs Cali-osph, “the firm Inxly,” the great transverse commissure of the 
cerebral hemispheres in Mammalia. 

CORROPENTIA (cort and rodcir, gnaw), the family of insects to which the destructive 
“ white ants ” belong. 

Cortical (cortex, borkX c*xtemal — opposed to medullary. 

OoTVLEDON (teoTwAijSctfc), a cup-shsped hollow, applied in anatomy to the tufts of 
a ruminant placenta. 

Craspedote (tepeunreSdw, to surround with a lionler), “ the naked-eyed ” Medsum. 
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Crikowba {Kplvotf^ a lily), an order of f'chinmiermata, also oallod Painignula. 

Cui'STACEA (crwfta, a shell), a class of j4nuuf(mi. 

Ctknochoka (ttrris, a comb ; to litor), an onler of Arf/tiozixt. 

CvTif (skin), applied to the vtiscular layer, nr true skin, which is also ealUnl 
oonum and derma, us distinguishtnl from the Hearf-skin#cutieli', or epldermiit. 

Cyclobraxcuiata (kukXos, a ring; 0pdyxta^ gills), a family of (faderojmda. 

CY'STirEucrs (nfiarTis, bladder; Kfpkos^ tail), tlu' wand«‘r(il scolex of Tienia so/hoii, 
in its hydatid fonn. 

Dkcidi’a ( sc . meiuhrann, de and endo\ the modified mneous membrane of the 
pregnant uterus, when it falls olf at birth. 

Demookx (8i}ja<{s, fat ; 8^|, a worm), a minute Arai'bnid allied to tin* /Vuhis/om/do, 
and inhabiting the stdmeoous follieb>s df Man. 

I)erjwatoi*teka (8/^)/ao, skin; m-fpoi'y wing , n family of insects with irn'inbrnmnis 
wings. 

Diaphragm (hidippaypfi.^ otherwise calkMl ^pi]v, whence the adj. phrenic), tin' 
muscle which in Mamm<tlia sejiarnfes the nbtlonu'n from th(‘ thorax. 

Diastema ‘ itd, apart; Ttarrjim, to jdnei*), an interval, o.s]»eeially betweiMi teeth. 

Diatomagea (JiiartfiPb), to cut through), the silie. ous coverings of a large group of 
microscopic low vegetuhle organistns. 

Dicynoi ON '8i-, two; kvui', a dog; oSovv, t'^dh), an extinct reptile with two 
canine-Iike teeth. 

Didelphia (8i-, two; 8f\<^es, the womb , the suliehiHS of MurHUpiiil Mammals. 

Dioitigrada {dirfitu(t,a finger; (jrnderc, to walk), a term niipli(‘d to those mammals 
which walk on the phalanges of their fore and hind feet. 

Dinosauria {teip6sy terrible; ffavpa, lixard , an extinct order of reptiles. 

Dkecku's (5i-, two ; oTkos, a house), \'ith distinct sexi's. 

Dipnoi (8i-, double; ri/o'tj, bnuth •, an order of Fislu's whieh breiitla* Istth by 
lungs and gills, otherwise known ns iJiitlopnoi or Vroioptni. 

DisOOPHOka Bia-Kotf a Cjuoit or disk; (pfpw^ bear), un order of Anurlidn^ also e.dled 
SueioriUj corresiKUiding with the family <»f Leielies (Jlirndineti ). 

Ecdysis fr. ^»c8e«, to put (dV), casting the sKin, or moulting. 

Ei,uinu( Occ'.t’s (ix^voi, un urchin : k6kkos, a berry), the wiitulered heolex of Ttrnia 
echhtoco''cut(y in its hydatid form, with deuto-.s( olieoH, or diiiighter ev>tH formcsl 
by gemmation. 

EcurNOUEKMATA ^ hodgoliog or iirobin, bonce applied to the Sea-nrehiii, 

and SfpfjM, skin), a cluss r(*pre8onte<l by the Sea-urchin. 

EchinorhYNCHUs Jiedgehog; f^tryxos, snout , a gonns of Arnnfhnrephnln, 

Edentata (e and dem), witl out teeth, an order of Mammalia in which the U'ctli 
are wholly or pnrtiully absent. 

Eduiophtualmia, or Ifedncophthtdmm (tSpalos, st^ssili*; eye), an order 

of Cruftaeea, inclmling tlie Jitopoda, AmphijtfMla, and Ltrmodijtoda, 

Elasmorbancihi (KAaorfia^ a thin plaU' or lamina; 0pdyxia, gills), an order of 
Fishes, including the J)e»minftranrhii PlagioHtoma or Pentabrandtii of Cuvier, 
or Placoidei of Agassiz), and Ifolorephali. 

Elttbcm {tKvrpov, fr. to ndl round— Arist. H. A. iv., vii. 8), the hard first 
pair of wings which in Beetles cover the sfscond pair. 

Embryo {ip.0pvov, fr. iv and 0pvov, fr. swcdl), the earliest stage in which an 
animal appears in impregnated ovum : later, esisfcially among Vertobrota, it 
is called /ottus. 

Ekdo-poditb {Mov, within ; irovs, foot), the inbTiiul distal segment of the typical 
limb of Crtulacta. 
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Endosttlb (Moy, within ; <rrvKos, a pillar), a fold of the lining membrane of the 
pharynx |p Aacidioida. 

Entomostbaoa {ivTifivta, to cut up ; Ha-rpaKoVf a shell, crustd)^ the lower Crwdacea^ 
so called by Latrcille from the segments of their IxKiies being unconsolidated. 

EPHiaiEBiDiS; {i<iyfffi§pcv, fr. ifrl and iifxipay an insect that livr s a single day, Arist. 
H. A. V. 12, 26), a family of Insects. 

Enonc (^ir/, upon ; oSs, ear), the upper bone of the auditory capsule, part of the 
pars petrosa in Man. 

Epipodite {iirit upon ; irous, foot), the externa^ distal segment of the typical limb 
of Crustacea. 

Errantia (errare, to wander), a family of Annelida fitted for locomotion, included 
under Checiophora. 

Ex-oooipital (ex, and oceijmt), tlio lateral jMirts of the first cranial segment, cor- 
responding with the sides of the Foramen luatjuum in IMan. 

Femur, the thigh-bone, between the j^lvis and tibia f>f the posterior limb of the 
Amphibia, Snuropsida, and Mammalia. 

Fibula (a brooch, irepSin)), tho smaller external bone of the leg in the higln r 
Vertebrata, homologous with the ulna in the forc-arin. • 

Fimbria, a fringe. 

FissiPAUOis {fisms, cleft; pnrio, to b’-ij’g foith), asexual gonemtion by tiie 
pnrcjit splitting into two parts, which become new individuals. 

Flaoelli’M (^a whip), tho whip-like ai>pendage to the Tilidinm, q. v. 

Foraminikera {foramen, a hoh' ; fero, to bear;, n group of Fhizopodu whieh live in 
hollow, perforated, calcareous shells : to it belong tho Orihoreriua, Glo^dgeriiai, 
and Nummulites. 

Frontal {from, forehead), the upper jKirt of tin* tldrd eiunial segment, corre- 
sponding to the vertical part of the frontal bones in Man. 

(lALEOiTTHEcus {yax4rj, a weoscl ; iriOrjKos, ail ape), a genus of Cologus, or flying 
cats, placcil by Linnams among the Ijcinurs, by Cuvier among the lints, and 
hy (ieoftroi St. llilain* in the group Carnassiers, to the Inseetivorons order of 
which it projiorly belongs, forming a family which has l>een named Dermo- 
ptera. 

Ganglion {yiyyKiov, a swelling or lump', in anatomy a centre of the nervous 
system, containing nerve colls, and receiving and giving out impressions. 

Ganoidei {ydvos, brigiituess), an order of fishes mostly extinct, the Sauroidei of 
Agassiz, llolostei of Muller. 

Gemmiparous {gemma, bud; jKirio, bring forth), osexual generation by new 
individuals arising as buds from the body of the parent. 

GEMMvmE {gemmula, dim. of gemma, a bud), an encysted moss of sponge-pariiclest 
from whieh new ones are produced. 

Gephyrea {ytipvpa, a bridgiO, a group whieh includes tlic families iiipuncididie 
and Sgnaftidiv, placed as an order of Echiuodermata called Apcdicellata 
(Cuvier), A}mia (Van der Hoeven), or Vemugrada Forbes), but now admitted 
among the Aunelida. 

Gland {giant, an acorn), originally any smooth round viscus, now properly re- 
stricteil to those viscera which “ secrete,"’ t. c., separate certain constituents of 
the bhxHl by a proct^ss of cell-growth, which are afterwards pourtnl out from 
Uie gland by a duct. 

Grbqarina {gregariuM, fr. grex, a flock, occurring in numbers togetherX a genua of 
Protozoa which forms the type of the class Gregarinida. 

Gordius, a genus of Nematoid worms, giving its name to the group Gordiaeea, and 
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namotl, from its wroathiiig its tIire:i<]-liko Inxly iiit<> knots, oftor tho mythicnt 
king of Phrygia tho knot of whose waggon was out hy Aloxamlor. 

Gtmnol^mata (yvfivosy naked ; tlmvit), an order of PolyAivi in wliieh tho 

opening to the gullet is unooveiXMl. 

GTMNoriiioNA {yvnv6s^ naked; u<^<s. snake', an order of^Amphihia^ otiu'rwiso 
cnlhxl Ophiomorpha or C/veili/e. 

O'^MN iPHTHALMArA • yjpvus, naked; u(^0a\jaos, ej'o), llii' erosjM'doti' il/edfocc of the 
class Ihjdrozna. 

^tALLVX (Jiallcx or uHtx, l.ie great I'h), Mie iinorinost of the live normal digits of 
a vertehmti* foot. 

Halteues (aAr^pfs, fr. d\\>juri lo h‘a.|> . poi.s« rs, weights held in th<' linnd in 
leaping, applied to the lutulitasl second pair of wings of Jh'ptrra. 

li-ELMiNTiiLE ''tAuivy, a Worm. fr. elAo,. t* twi.-xth a symmyin of K\jto/.oa, dividtsl 
liy Owen into Sterehninthn ((rT^perl^, stdid). tin' Van’urhtpmtti »)f Chivier, and 
Ca-h-lmhUh'd {Kai\ost hollow), tiu C#.-.Vormof C’uvier. '1’ln‘y are all inelndiHl 
in the class Sroh ' idtt. 

JTEMm'KiiA v/ju*-, half; irrf n, a n -Mg), an order of Insc'cts with tlie anterior 
wings half coriaceous. 

Hetekopoda (€T€pt)s. (hdi‘»vnt fomi others, iroes, fool), ti group of hranchial 
GnsterofHKla in wliielj the pr ptxh'um is turned into a laterally conipreased 
fin, \\liile the rpijmdht are n’ '''*nt. 

IIoLOTiii i!iA {bKoOov^tiuv -Ari.4. M A i.. i. lt>), a genus to wliieh tin' Sea- 
cucninhers ami Trepaiigs hehuig, w'neh giv<‘s its name to the onler //oh>- 
thuridfio. 

IloMOLoiiY {hpoXoyia, agreement), ll.e relation between parts whieli are dev<'loped 
<*ut «>f tlio Kuiue embryenie structu; e.n ; as the arm (*r a man, tlie fon'leg of a 
hoj-so, and the wing of a lard, or tl; wings” of a pteropfsl, and the tentaedua 
of a cuttle-fish. I'hc terniNcr/a/ IfomohMjy is applied to tin* JlkeneHS hclwoeii 
jMirta whicli appear to he the nn«!ilie«l development of Htnietiires Nimilarly 
rojMiated, ns the humerus and feinnr in Vertehrata, or the ma.\iJIa», maxillijMsds, 
and aiuhulatorv liiuhs of Crustacea, 

Hi MEiiL> (^brachium, $,iax'io}v), the bonis of the upper arm in VrrUihrula . 

JIVDATID (u5oTts), or liladder-worrn, the cystie form of the wandensd twoliotw of 
tajKi-worms. 

Hydra (SSpa, a water-ilragon',, a genus of Polyps first described hy Tremhley in 
1774, which forms the type of the miHlern class Jhjtlroxoa,, 

HvMENorrEUA (wjufjii, a minrihrane ; wing , an order of Insects with two 

pair of wings, Ivdli membrnnous. 

Hyoid (T, €15©$, resemblance), called o« h’ai/o/c from its snjijxirting the tongue, 
a bone named from its resemblance to the letter U in Man ; in most other 
animals it is muc' more coinjuieated, the lesser r^iriiua forming with the stylo- 
hyoid ligaments long jointed Ijones w'ImcIi connect it with the skull. 

Hyrax (Cpa|, sorex, a shrew), the Dninan, the Coney (/.c., llabbit) of Scripture, 
a small gregarious mamu'al found in Syria and South Africa. I.lnnmus put 
it among Rodentia, Cuvier undei J*achydermatH ; hut its jK'culiaritios are so 
great that it may form the tyjK? of a distinct order, Hyraxoidea. 

Ic’HTHYOPSiDA R ftsh ; 6\lfts, ap|K»rauce ), a primary division of Vertebraia^ 

which includes tho classes FUces and AmphUn'a. 

IcHTUYOSAUBUS ; (Taupa, a lizard), an extinct genus of Reptiles, giving 

its name to the order Jehihyosauria. 

Imago, applied by Limuous to the final, winged and sexuid slate of Insects. 
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Inoibor (incido, to cut), the teeth (usually broad and sharp) fixed in the prKmaxiUa 
of Mammalia, and those in the lower jaw which shut against them. 

Ikovb (an anvil, fr. incudo), the bone of the ear in Mammalia which, according to 
Reichert, is the homologue of the ott quadratum in lower vertebrates, but has 
been now shown jp be represented by a ligament only in birds, a cartilage in 
Sphenodaii (Hatteria) and other reptiles, and the hyo-mandibulor bone in 
osseous fishes : v. Malleus. 

Inpundibulim (a funnel), the channel formed by folded processes of the mantle 
by which water pa«8(*s out from the branchial chaml)er of Mollusks. 

Infuborla (tn/tmm, fr. in and fundo, pour), a class of microscopic animals, named 
from their occurrence in vegetable infusions. 

Inghbn, the groin. 

Inskcta (iHAeco, to cut in pieces, as in On'ck, tmofta — Arist. H. A. iv. 1, 5— fr. 
iyrifivu), a class of Arthropodous Annulom. “Jure omnia Insects appellata 
ah incisuris, qu«n nunc cervicutn loco, nuiic i^'ctorum atque alvi, preecinctn 
separant membra.” — l*lin. xi. 1, 1. 

Inseotivora {imedum, an insect ; vnro, cat), an order of Mammalia. 

Intermaxillary or praj-maxillary l)oneH, so called because they are placed in front 
of and between the maxiWe of Vertebrata, with which they unite in adult life 
in Man and some of the apes. 

Isoi’OiiA (ftros, equal ; irowy, f<K>t), an order of Cnttdacea included under Edrio- 
pJdhfUmia, 

JvQAL {Juifurny a yoke), a bone of the face corresponding to the os main' or cheok- 
boiie in human anatomy, and forming part of the zygoma. 

Laiuum (a lip), the lowt'r part of the mouth in insects formed of the coalesced 
second part of maxillm. 

Labbum (form of Mdum), the upper part of the mouth in insects. 

LASMODtPOUA (Aotfoiy, throat ; 8<-, two ; iroiis, foot), a grouji of Crustacea with two 
legs under the throat, now included under Kdriophfhahum. 

LAMELLliuiANaiHATA (lameUay dim. of lamina, a tliiu ])lat(>; fipdyxiOy gills), an 

order of Mnllujirn 

Larva (a uuisk), the name applied by Linnious to the grub or caterpillar, which 
is the tirst stage in the raetaraorphosis of InsiTts. 

Lbi’IUOI’TEba (Afirtr, siale ; vrepdr, wing), au (»rder of Insects with wings covered 
with scales. 

Lepidobiren (A#irls, scttlo ; (Tfipiiv, a siren — applied to one of the Amj/hibia\ a fish 
resembling the Bircn, but covered with scales. 

LBriix»rEU8 (\*iris, scale ; Atrrfos, Imne), the Bony Pike of North America. 

Lonioi*HOUE (Ao^oi, a plume ; iptpw, bear), the oral disk of Polyzoa. 

Lucernatua (lucema, a lamp), a genus of Hydrozoa. 

MACRArOHKNiA {iMKpds, loug , avxhv, ueck), an extinct genus of Mammalia. 

Malaoostraoa (/*aAiwt«J<rrp<Mca— Arist, soft-shelled, t>. ENTOM<i6TitACA). the higher 
Crustacea, so calknl by I.atreiUe in distinction from the harder-shiflled 
Mollusca. 

j (a hammer), a bone of the internal ear in Mammalia, which Reichert 
suppo^ to answer to the pars articfdaris of the mandible in Sauropsida, but 
which is probably the true homologue of the os qutidralum : r. Incus. 

Mallophaqa lpa3<K6zy wool ; tparrttr, to eat), a group of parasitic Insects. 

Mammalia (mamma, a breast), a class of Vertelraia distinguished by suckliug 
their young. 

(mandtMtm, fr. maudo, to chew), in VerUbraia, the lower jaw, answeriog 
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to the maxilla inferior of human anatomy : in ArUtropoda^ the upjK'r pair of 
cephalic appendages used as jaws : among Birds, the up(>er and lower roeira 
of the beak arc ofUm cnlknl mandibles. 

MAB8ii>onuANGiiii (/aciptriiros, a poucli ; fipdyxia, gills), an order of Fishes, calliKl 
Ci/rlosUmi by MUller, representcHl by the I^ampreys nii^ Hags. 

MABsrriALiA (marmpium, a pouch), an oitler t>f Mammalia st*|>amtod by Cuvier 
from tlie rest of his Camamers, and now forming tJie sulM'lnss Didelfthia. 

Mastodon (/^ewTos, breast ; oSoi'i, bxith), an extinct gi'ims of /’ro/swcidm, repre- 
senting in America the Mammoths of the Old World, and distinguishi^d hy 
the nipple-like surface of their molar ttH'th. 

Maxilla (the l<»ng form of mala, a jaw — r. Axilla), in Verfehrata, the Ixme corre- 
sjKUiding with the SujK>rior Maxilla of human anabany : in ArthrojHMla, the 
one or two pair of limbs next to the mandibles which are modi1it‘d as jaws. 

Maxilliped (maxilla, }>es), or “ fcK>t-jnw,” applied to the mcHlifh'd linil>s of the 
three first segments of the thorax in Crmtaeea. 

Medulla (marrow), applied to the spinal pari of the central nervous system in 
Vertebruta— the spiniil coni. 

MKGAg’HERirM {piyo, great ; Ovploy, Is'ast), an i xtinct animal anil'll to the sloths. 

Meniscus (prjidxKus, dim. of a crescent , aj>))lied to an organ of doubtful 

function in I'chinorliijitchm. 

Mentum (chin ), the central and lower |inrt of the Inhinm of lnsf*ct-«. 

Merostouata (gTi^ioi, thigh ; (rr&pa, mouth), an order of ("runtaeva represimted by 
the genus Limuhtu, the Molucca King-(/mbs, alone, in recent times ; the order 
has been also called Xipfmmra, or sword-tailed. 

Mesentery (/a^cos, intermediate; Kvrtpoy, inU-stine). the membrane b< twi'cn the 
alimentary canal and the walls of the abdomen. Ho Mesiwolon, ^c. 

MESEUAic=nies<>nleric. The omphalo-mescraic vessels pass fnun tho intnstine to 
the umbilical vesicle in the embryo. 

Mei'acarpus (jifTd, after; Kaprros, wrist b the bones between the carpus and 
]»halangeH of the anterior limb of the higher VerU'bnites. 

Metatarsus (pfrd, Ta^xrils, tin' flat of the f«K)t/, the lMines liotwwn tho tarsus and 
jilmlanges of the hind limb of the higher Vcrtebrateii. 

M 01 .AR (nwlariB, ndj. f>f rntda, a mill;, applied to thosi' toetli in Mammals which 
are not preceded by a milk si’t — the ‘‘grinders” in Man. 

Mollisca (fr. molb\ hoft), one of the primary divisions of the Animal Kingdom 
established by Cuvier. Ho included in it )x;side tho clnssos now admitted, 
the Tunicafa, JlraeJiutjHxla., and Cirripedia. 

Monodelpuia (fxvvoi, single ; 8cA<^^s, womb), the orders of Mammalia with a single 

uterus. 

Moncbcious (fxovos, single ; oikos, a house;, with lx)th sexes united in one individual, 
hermaphrodite. 

Monoiremata {p6vos, single ; rprjpa, fr. rirpaivu, to pierce), an order of Mammals, 
separated from Cuvier’s Kdentata, and forming the suliclass Omitbotlelphia : 
they have only one opening for tho lurinary, genital and intestinal canals. 

Mtkiapoda {pvpios, numerous ; wovs, foot), an order of ArtljropMlous Annulosa 
scparateil from the Insecta of Cuvier, and represented by t!ic Millipedes and 
Centipedes. 

Neotocalyx (yriicrd^j fr. i^x«» swim ; cup), the swimming-bell of Hydrozoa. 

Nematocyst (vripa, a thread; Kvans, a blatlder), ti e “ thri'od-cMdls ’ found in all 
Oelenterala and some un-alliod genera of Vurbt llaria and MnUusra. 

NniAToroEA (vrtpa, thread ; tlSoi, appearance), an order of corresponding 
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nearly wifh the CoelelmhUhia or Entozoa Ckttiiaria of Cuvier and the 
Eemaielminthix of Vogf.. - It includes the pnraRitic “ Thread Worms and 
“ Bound Worms,” and the Gordiacea may be plncud under the same head. 

Nebve (ncruus, ytvpoy), originally n sinew or tendon : after Gakn’s time applied 
to the oondnctinf; branches of the Sensori-motor apparatus. 

Nkdroi'TEUa (ytOpoy, a cord ; irT«p<lv, wing), an order of insects in which the four 
membranous wings are supported by strong ribs or nervures. 

Notocuoio) (yuToVf back ; x^P^'h^ a string;, or Chorda dormlU, an embryonic structure 
in Vertehrata formed immediately under the primitive groove, and usually 
replaced by the spinal column in the adult. 

Ni’CLEUS (a keniel, fr. nux : dim. nucleolus), a speck of germinal matter found 
normally in cells. 

Odontoides (ec, jyroccssus ; 68o»5s, tooth ; tTSos, form), ihc Inuly of the atlas, which 
is separate from it ami usually ankylosed with the axis. 

OnoNTonioRA tooth; fptpo), Irear), those classes of Molluara which have 

heads and a iKiculiar tfKjtli-bcaring np]>aiatu8. 

(Ksophagus (oltros, a reed ; tpaytly, to eat), the gullet — Arht. dc Part. An iii. 3. 

Omphalos (o/it<paA(lj= umbilicus), the navel, / c., the sear k'ft in the abdomtn of a 
mammal, where the umbilical emd was attached. 

OosTEGiTE iii6v, cgg ; (rT« 7 (w, to cover), scales or other parts of Annulosa modified 
so as to protect the eggs while carried by the mother. 

Oi'EWOULVM (fr. operio), a covering ; in fish a IsMiy llaj) (po.ssibly homologous with 
the external ear of Mammals) which covers over the gills ; iu univalve Mol- 
lusks a concretion which closes the shells. 

( ’I’HiniA (li(pis, a fiUTpeiit), an order of lleptiles : Serfwntvs of Linnrcus. 

( )piiiiBA {o<fn5, snake ; oi/pd, a tail), “ Brittle star,” a genus of Evhimpdermata, 
giving its name to the order (fphiitrtdea. 

OPiSTiK/rie (owicrOey, behind; o2s, the ear), the |K)sterior ossification of the auditory 
capsule, corrt'sjionding with the luustoid and j art of the petrous bones in 
Man. 

Optic louhs, the ganglia of the brain in Vertehrata to which the optic nervt's lead 
iu all but tlie Marsipohranchii and Amphivxus : they are single on each side 
in the lower classtjs, and called Corpora hiijvmina ; doubh‘ in the higher ones, 
and called 0. quadrujvmina, or Eates and Testes. 

OimiTuspiiEXini) {orlHus, dim. of orhs ; sjthenoidis), part of the third cranial 
segment, corresjKnuling with the aUv. minores or prt)cesae8 of Ingmssia.'* iu 
human anatomy, and always forming the back of the orbit. Cf. Aijsphenoid. 

OiiNiTiionELi’iiiA i6pvis, bird; womb), tlu- subclass represtmted by the 

order Monotremata. 

ORNiTHoiuiYNcm s {l/pyts, a bird ; ^ beak), a genus of Monotremata, 

otherwise called tlie Duck-billed Platypus ; broad, t.c., webbeil-foot), or Water 
Mole. 

Obthoi*teiu (8p0»{s, straight ; xrtpdv, wing), an order of Ins<'ctB. 

OsTRAGODA (8oTpttic<i&8i?s, ttdj. fr. vtrrpaKoy, a slioll), an order of Crustacea enclosed 
in a hard carapace. 

Otolitus (olsj car ; \l6os, stone), small bom s found &u*j>euded in the internal 
ear of fishes, co^re^lxmding with the otoeonium or t ar-<lust ” of Man. The 
term is also applicKl to similar eoucrctious iu the auditory toes of Crmteusea 
and other invertebrate animals. 

OxYVBis mvs, sharp ; ovpd, tail), thread- worm, one of the Ncmatoidea. 

Pacuydeioiata (rax^r, thick ; skin), a Mammalian order of CuviePs, nearly 
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Rgrecing with the Btllux of Linnwus. Of its niomlH'rs the Elephants now 
form the order Prohostidin, the Hymx /iymeo/deo, ami the rt'inaindor may 1 m> 
called Unguhita, the artiodaetyloua genera uniting with tin' Unmiimuts. 
pAL.EOTHEniiM (TraXatciy, ancient ; Bripioy^ hcant), a Tapir-liko ungulate nmmiual 
of the Tertiary ei)och. • 

Pallu'M (a cloak), the ‘‘mantle” of Mollusks, an extreme development of the 
integument, re]>rescnted in its opitlielial. vastnilar. glnndtilar, and mnsenlur 
strueturo, with folds ami processes forming the foot ” and oth(*r ap|M'mlnges.* 
pAUASniEXOlD (irapd, iK'sidc' ; crpjjvoftiriK^ wedgf '-shaped), a h)ng azygos hone 
which runs from befort' backward under the bas(' of the Mlmll in Irhthtjnfmhla 
ami some lieptlhn : so called fnmi its relation to the spln'iioid lume. 
PAlUiNCHYMA {Trapfyxvpa., fr. irapol, soun'thing i>i>nre«l in beside), apj»li('il 

to the proiKJr substance of viseeni, excluding eoniu'etive lissn •, blooil-vessels, 
and other accessory parts. 

PAKitrrAL (paru'tesy walls), the upjK'r ossificatifms in membrane of the second 
cranial segment. 

Parieihksi’Lancunic ( <r7r\<l7x»'“» t-ho viscern), n ganglion in the higher 

J^illusks which supplies the mantle, gills, and viseeni. 

PARTHENoiiENESis (vapdfvos, ^ irgiii ; ytvtais^ generation), asexual reproduction, 
either by hssion, gemmation, or the process of int rnal budding best seen in 
the Scoleeida, ami called by (^uatrefages “(tem*n-gem‘sis. * 

Patagjvm (iroraycioi'), a striiK* or border to a dri'ss; ui»plii>d to tin' expansion of 
the integument by which bats, Hying s'piirrt'ls, Hying lemurs, iVe., support 
themselves in the air. 

Pai uopt s (iraDpov, few ; iroi'/s, foot), a g«'nuH of Miiriapodd intormedinti' bi'tween 
th(' two orders reiireacnted by th(' S<'olojM‘n lrid;r and Tnlidir,, 

Peutosthai'A (■tn}Kr65, fr. viiyvvfxi, lixe 1, compacted; verrpaKov, a shell), an order 
of Crudacea, which become fixed in th<' adult state, including llie Cirri jHidia, 
and Rhizocf'jihaJm with its allies. 

Pelvis 'Wais, tcAus), a basin, nj*plied to the “ hip-girdle ” or Iviny arch supporting 
the lower extri'inities of luoAt Vortahrafu: it eonsists of the mcr a »» (fonni'd 
of two to five verfobraj), the iliii or hauiieh Ixines, /nt/xui, and inrhia. 
Pentastoma (itcVtc, five ; (Tr6ti.a, month), a name given under a wrong conception 
to a genus of jiarasitic habit, otherwise called himjmitida, wbii'h gives its 
name to an order of Arachnida. 

PEmcAUiuuBi (ir«p/, around; ndpSia, the lieart), tin* membrane whieli surroumls 
the lieait; in Crmtaccx ibis is ri'nlly a venom sinus. 

PekisSODACTVLA (vfpnr<r6s, uneven; 5<£/crwAoy, toe), a nanu' apjdied to those 
irngulato Mammals wliich have an mid numk r of digits, as the Tapir ami 
the Horse. 

PfiBiTONEUBi (iTfph around; r(lya>, to stretch), the mombrane which covers the 
abdominal walls and the c^mtained viscera. 

Phalanx (jpdKay^, a rank or row , one of the small kmos which corniKiHe the 
digits of the higher Vertehrala, otherwise called InUirwtdii. 

Pharynx {<pdpvyi), the upixjr part of the gullet. 

Phabynoobbanchii the order of I' ishes roprcsont<i<l by 

the Amphioxut, in which the perforah d pharynx i»erforms the function of 
gills : otherwise caUod Leptocardii. , , . , r 

PflYLACTOLJEiiATA (tpvXaKris, fr. tpvKtktrtrw, guarded ; \atp6s, throat), an owlor of 
Polyzoa in which the entrance to the gullet is guarded by an epistome. 
PHYBOPHORiDiE (fptHrOf l)ellow8 ; ifttpat, bear., a family of Hydro/^ja. 
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Phtbofqda (ipwra^ bellows; iro6s, foot), a group of insects with bladder-likc 
feet. 

PiLLmiUM (for pileohiSt dim. of pileus, a felt cap), the name applied by Muller to 
the helmet-shaped larva of Nemertes, one of the Turhdlaria. 

Pineal body or “glend” (pinna, a fir-cone), otherwise culled Conarium; a 
constant outgrowth from the roof of the Prosencephalon of Vertebrata. 

Pinnule (pinnula, dim. of pinna or penna, a feather), the secondary branches 
from the quills of a feather, otlierwihe called barbs. 

PiTUiTABY body or “ gland ’* (pituita, phlegm, which it was supposed to secrete), 
a constant appendage of the brain just in front of the Notochord. 

Placenta (a cake), applied to the developed chorion in Mammalia from its discoid 
shape in Man. 

Plagoidei (irxd(, a flat plate ; cTSos, likeness), an order of fishes with fiat smooth 
integunient, the Selachii, or Sharks and Rays : v. Elasmobbanohii. 

Plantigrade (planta, the sole of the foot ; gradior, to walk), applied to tliose 
animals which apply the whole of the foot, including the hc'cl, to the ground, 
as Man, bears, and badgers. 

Plesiosauuus (ir\ri<rlosy near ; aavpa, a lizard), an extinct genus of marine reptiles 
which gives its name to iin order, Fleeiomuria, so called l)ecause their 
skeletons were flirst found associated with those of the Jehthyosaurus. 

Pleuuodont (irXeupd, a rib, side ; oSour, tooth), the attachment of teeth to the jaw 
in wliich one side of the fang became ankylosed with the inside of the socket. 

Pluteus (a pent-house, or shed), appUed to the “ paintor’s-easel ” larva of the 
Echinus. 

PoiX)PUTiiALMiA (iroi'*s, foot ; ofp6a\iJL6s, eye), an order of Cmdacen in which the 
eyes are stalked or ]H>dunculate ; it correa|K)nds with the group Decapoda. 

PoLLEX, the thumb : the first, innermost, or most praEUixiul of the digits of the 
anterior extremity, ])laccd in a line with the radins. 

PoLYOYSTiNA (voAus, maiiy ; Kvtrrts, a bladder), the minute shells of Badiolaria. 

PoLYGASTRiCA (froAur, ycwTT^p, Ixdly), a name given by Ehrenberg under a wrong 
impression to Infusoria. 

POLYZOA (iroA^s, animal), a class of compound animals, otherwise called 

Bryozoa (fipiiov, moss), from their parasitic habit on si-a-woed. 

Pr^xial and Posi’axial arc applied resjjectively to the i)arts on the radial or 
tibiol and those on the ulnar or fibular side of the limbs ; the former being 
intomal or anterior, the latter external or posterior, to the axis of the limb. 

l^AEMOLAB (pr«, in front ; molares, grinders), the molar teeth which are preceded 
by milk molars, the bicuspids. 

PEXSeiiENOiD ^ pr», before ; os sphenoidale), the centrum of the third cranial seg- 
ment, corresponding in hiuuan anatomy to the front part of the body of the 
sphenoid bone ; v. Basisphenoid. 

Pboglottis (irpo7A»TTls, the point of the tongue), applied to the zooids of Scclecida 
which an^ propagated by gemmation from a scolex.nxid in their turn produce ova, 

Pbo-otic (tr/wi, front ; oh, ear), the anterior ossification of the auditory capsule. 
corres}>onding in human anahtmy with part of the petrous bone. 

Pbopodite (wp6, front ; wovs, foot), the proximal segment of the typical limb of 
a Crustacean. 

Pbotoplabii (wpAros, first ; vxJurfia, fr. -rKdavu, to form), the primitive indiffinent 
tissue of the embryo out of which all subsequent organs are formed by a pro- 
cess of difierentiation. 

Protozoa (wpwros, first ; animal), the lowest group of animals. A similar 
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tcnUf “ Protista,” is app1i(M] by Hackel so os to includ<> Protozoa and I'roto- 
phyta. 

PsKXJDOPODiA (t|r(u8ifs, false ; iroiis, foot), the prolongations of the b<xly thrust out 
and drawn in at will, which answer the purpose of limbs in lihizoiHHla. 

Ptkkodactyla (‘irr(p6i'^ wing; ScUruXos, linger), an onlqi of extinct n^ptilcs, 
characterised by the fifth digit of the anterior extn'mity K'ing pr(*longiHl so 
as to support a patagium. 

Pteuoihdda (irr§p6v, trous, foot), a class of MoUmca in which the Kpijiodia of the 
foot are de^ eloped so os to form wing-like protVHs<‘8 by which it swims. 

Ptekygoid (irr€pw{, wing; tlSos, likom'ss), a Ixme of the verti*bmto skull corn^- 
sponding with the internal pterygoid processes in Man. 

PvLUOQASTEROroDA (/>M7mo, liiiig ; yatrriip^ belly; irovs, f(K)t). those MttUtuca 
which walk on tlieir l>elli(‘8 and brt“atbe by lungs. 

Pupa (a doll), applied to the second, usnally motionless, stag** of metamorphosis 
in Inserts, otherwist! called “ Nymph ” and Olirysalis. 

Pyonooonuja or Pyciiogonata (wvKySs^ thick ; y6yv, km*e ; an order of Arachniiia 
with thick joiiibnl legs, 

Pylom’s (iruXwpos, a gatokeeixir), applitxl to the valve between the stomnoh ami 
intestines. 

I^YRIFORM (;>yrum or ;urum, a iKior; forma, bliafK'), appllcxl to any tapering 
organ. 

Quaduatum (sc. o«), four-cornered, square*; tht' Ixme by which tlu^ mandibh* 
articulates witii tlic skull in Sauropsida. It probably answi^rs to thi» Malleus 
in Mammalia. 

llADiATA {radim^ a spoke or ray), applied by (hivier to a sub-Uingilorn now broken 
up. The Polypi art* dividetl lH;twt«n Pitlyzoa arnl CailrrUvrata^ which last 
group takes also the Acalepfuv ; the Kntozoa U'cninc* Sfohvida^ the Kchimt- 
(lermata, Annuloida, and only the Inftautria r(*main, minus th(' Itotifara. 

Radiolaula (rndiolus, dim. of radiw), a class of Protouta, of which tlwj Sca-fjgg 
{Sphan-ozooti oro'di-mare) is an example. 

Radius (a spoke), the praixiul bone of tlie fore-arm which articulates in a line 
with the i»ollex. 

Rahus 'a branch), applied siux-iolly to each half of the mandible in Mammalia. 

Ratit/e {raliZy a raft), an order of Birds {Jlrevijtcune* c)f C’uvicr, Curaore^ of 
Uliger), so callwl because, other birds having a “ keeled ’ utemuiu, their 
koelless one is like a punt nr raft. 

RuizocEPHALis ipiCa, a root; fce<pax^, a h(>ad), a genus of Crwtarsa which when 
adult bury their h< ads in the UxlicH on which they are parasitic. 

Rhizodont oSovSf a hxith), the attachment of bxith whose fangs branch out, 
and BO become ankylosed with the jaw-bone. 

Rhizopoda to6s foot), a class of Protozoa in which pseudopodia come nut 
of the body like roots. 

Rodentia Qrodere^ to gnaw), an order of Mammals, the Olirea of Linnmus. 

RoeTRux (a beak), the anterior termination of the carapace in CnuAacea. 

Rotifbba (rota, a wheel ; /ero, bear), or Rotatoria, a class of animalcules separated 
from the Infusoria, and provided with ciliated fringes round the mouth 
which when in motion look like two toothed wheels. 

Sacruh (sc. os), tlie vertebrsB which articulate with the ilia to form the pelvis. 

Saoitta (an arrow), a genus resembling some Annelida, but with peculiarities 
which have led to its being made into a se parate class, ** Chsotognatha.” 

Saboodb (wdp(, flesh ; 6i6s, way), a name applied to the imperfectly differential d 
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tissue of Protozoa and Infusoria, wliieh is as it were on its way to Ijeeome 
true flesli. 

SAiJROPfeiDA ((raiJpa, a lizard ; o\\»iSt appearance), a name applied to the classes 
Atee and lieptilia collectively. 

SAunriiiE (aavpa, ovp4t, tail), an order of birds repjoscnted only by the extinct 
genus Arclixopieryx, distinguished by having a long tail like a lizard’s. 

SoAPULA (form of spatula^ dim. of spnihat avdOi], a broad, flat blade), the slioulder- 
blode, called tlie “ side-bone ’ in birds. 

BcLEiiOTioA (fT/fAT/pds, hard, sc. tunica), the capsule of the retina, the e\c-bjill, 
fibrins in Man, but partially ossified in many of tlie lower Vertehrata. 

SCOLECIPA, a group of Annuloida or Vermes comprehending the Entozon of Ouvicr> 
and also the free Turltellnria. 

B(X)Lex a worm), the larva in SeoleHdfi, produced from an egg, which may 

by gemmation give rise to infertile deutoscolm^s, or to ovigerous proglottides. 

Fci'Ti M (a shield), apjdied to th<i bony dermal plates in the skin of ciocodilest 
&c. : also the large dorsal scales of some Annelida. 

Setiokuovs {seta\ bristle.^; gcro, carry), especially npplie.l to the locomotive 
Annelida. 

RiKi'iNiA {(Tcipiv, a siren, a raennaid), an order of Mammals, the Herbivorous 
Ctitacea of Cuvier, including the genera llalicore (diigong), Manaius 
(lomantin), and the r<'cently extinct Jthytina ; the natne is given because the 
dugong, from its pectoral inammo', was named llalicore, the sea-maiden. 

Romite (<r«/ua, body), a segment of the body of Annulosa, with its upper and 
lower pair of appendages. 

(<rir€p/io, seed ; animal), animalcula semiiiis, minute organisms 
of characteristic Bha])c, and endowed with spontaneous motion, found in the 
spenn-cells of n’l animals. 

I (dim. of spira, a thorn), any hard, i»ointed animal structure. 

Rpikacle ispiro, to breathe), the lateral openings into the trache.il tubes of 
insects, &c. 

Ri^ONGiDA (avoY/id or trvdyyos, a sjwnge- -Arist. H. A . ix ., xi v. H), u cln«s of Protozoa. 

Ruuamosal (squama, a scale), a membrane bone, wedged in between the auditory 
cajjsule and the ali-sphenoid : in Man it overlaps the parietal by a scale-like 
suture. 

Rtai'ES (a stirrup), so called from its shain* in Man; the auditory ossicle 
which is joinetl to the Fenestra ovalis, and corresponds with the Columella 
in Sauropsida. 

RTBOANOPUTHALMors {errtyoufds, covered ; o(f>6a\p65, eye), the ncrfl6i)cdotc Medusre, 
an order of llydrozoa. 

Rtemmata {errippa, a garland), the simple eyes of Insects, often arranged in the 
form of a circle on the top of the head. 

Steknum (the cho.'t), applied to the azygos bone formed by the meeting of the 
visceml arches in front in most of the higher Vertehrata : also to the inferior 
pieces of the exoskeleton of Arlhropoda. 

Stigmata {vrlypjay a mark), a synnnj m of spiraetda in Insects. 

Stomapoda (more properly StomatojKKla, fr. trr6/jux, a mouth; wovs, foot), an 
onler of Orustaoea in which the orjmns of prehension retain more of the 
character of feet than in Decapods. 

8tiubp8ii>tjbra a twist ; vrepov, wing), a group of Insects with the 

anterior pair of wings twisted. 

Stbodila, or Rtrobilus (<rrp6^\os, R fir-cone), a chain of zooids formed by a seoUi 
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anil the proglottulea which have suoceBsively budded from it. The uwno wan 
first apidiod to that of the Medusa. 

8uPRA-(^riTAL (supra, above; occiput, i. e.^ oft-caput, the hiTul-bcud), the bono 
which completes the first cranial segment above, unswAing to the laininn of 
the occipital bono in Man. 

Symphysis (jriptpveris^ a growing together), the union of two bones. 

T.BNIA (a tape), a genus of intestinal wonns, wliich gives its nnmo to the order 
Txniadttf or Cestoid worms. The tnpe-worra, so-cjilled, is a Btrobilus formed 
of a scolex (the head , and proglottides (the joints). 

Tardiqrada (tardm, slow ; gmdittr, to move), *• Wuk'r-sloths,” an order of Crustacea 
otherwise known as Arctiscu or WaU'r-lKjars. 

Tahspb (rapa-Ss, the flat of file fiiot), the collection of Hnmlll)oneH which form the 
heel or hock, and ankle; corresponding with the carpus in the anterior limb. 

Teleohtei 'r^Afios, perfect : Ha-rfov, Ijoiie), a name given by Milller to those Fish 
which have comidotoly ossified skeletons: ineliuling tlie Osstioplervgii of 
Cuvier, Ix'side the small orders Lophobranehii and rieetognnthi, and eorn - 
spflnding with the Ctenoids (with serrated scales) and Cycloids (with smooth - 
edged scales) of Agassiz. 

Telsox (rcAfroi/, a Homeric form of t<\os, end), applieil to thi' central part of the 
hist somite of the highcir Crustacea. 

Tentacult'm {tentOy to touch , n feeler. 

Teuebrkti’LA (dim. of terehra, a borer), a genus of Brurlntpoda, 

TfiiiOrM (the back), npjdied to the upi>er sogment of the exo.dceleton of the 
somiti'B of an ArthrojKid. 

Test ^testa, a shell), applied to the chitinous covering of the Tunimta. 

Thecodont (Hkt), a case, fr. riOrjfii ; oSous, a tooth having teeth imiilunted in 
distinct sockets or alveoli. 

Thobax (dtipa(, a broastplute)i ap])liod in Vertehrafa to the part of the trunk alKive 
the diaphragm, in Insc'cts to the central segment, formed of three consolidated 
somites. 

Thylacinus (66\aK0Sy a ijoiich , a genus of Mnrsupinlia, of carnivorous htibilM. 

Thysani ra (0t>trayos, a tn.ssel ; ot)pd, a tall^ a group of Insects with fringed apjwn- 
dage.s, which arc; attached to tlic end of the nlidoinon. 

Tibia, the shin-bone, the prmaxial Ijone of the lower extremity answering to the 
radius in the upjKT. ^ 

TRABEorL^ (crunii ,, dim, ottrahs, a beam, oj)plied to the longitudinal cartilaginouH 
bars in the embryonic skull, wlxich enclose Ixjtween them the ‘‘ Sella Turcica ’* 
for the Pituitary Bwly. 

Trachea (xpaxeTa, sc. kprrjpia, the rough windpipe), in air-breathing Verlclvrata 
the tulxj leading to the lungs, in Insects the air-tulx s which ramify throughout 
the body. 

Tbematoda (rprfpa^ a hole ; rprtpartLBv^ i« applied V)y Ariskdlc to burrow ing 
animals), an order of Scolecida with a single opening leading to a racemose 
digestive system. 

Trichina (rplx^rost ailj. of dpl^, hair), a minute Kemak>id worm jiamMitic in human 
muscle. 

Trichocephalcs (dpil, KtipaXfi) a Ncmatoid intestinal worm. 

Tbichoptera ( 0 pl(, a hair; irrtpir, ^ing), an order of Insects with hairy winga 

Tboohal disk (rpox^f^ a wheel), the surface around the mouth of a Rotifer, or 
Wheel-animalcule, on which are set the cilia whose motion produces the 
appearance from which it takes its name. 

L 
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TBOOOAinnB (rpoxwHip, ft, rptx^* to turn), an outgrowtli of bone from the femur 
which affords attachment to the muscles which rotate the thigh. In Man 
there are two, in the Slephant one, in Perissodaotyla three. 

Tcmoola (tuba, a*cylinder; eoh, inhabit), a group of Anndida living in 
calcareous tubes which they form ; e, g., Serpulte. 

Tunic ATA (tunica a garment^ a symmym of Aacidioida, Mollusks in which the 
shell is replaced by a chltinous test. 

Turbellaria (turhcUgs, pi. dim. of turha, a stir), a name applied (from the currents 
caused by their cilia?) to an order of Saolecida, which includes the genera 
Nemertea and Planaria. 

Tympanic (rvixiravov, a drum), the bone which gives attachment to the membrana 
iympani of the ear, or its homologne. 

Ulna (i)\4vri), the elbow, hence the bone of the forc-arm which forms the elbow, 
the aihitm, whicli answers to ihct fibula in tlie hind limb. 

Umbilicus (dim. of mriho, a boss), the navd (v. 6fi<i>ax65). 

Unquiculata (ungula, a nail), those animals in which tho dorsal part only of the 
digits is covered with horn, forming, if flat, n nail, if curved, a claw. * 

UNGUiiATA (ungvia, a hoof), an order comprising all herbivorous and hoofwl 
Mammals, including the Pachydennata and Ruminantia of Cuvier, except 
laiepliaa and Uyrax. 

Unguliorade [ungida, gradior, walk), those animals which walk on the tips of the 
digits only, which are always hoofed, as the horse and ruminants. Cf. Digi- 
TiouADE, Plantigrade. 

UiiODELA (ohpA tail ; S^Aos, visible), an order of Amphilda characterized by tho 
tail persisting in tho adult state : some arc pcrenniltranchiate, others caduci- 
Itraiirhiaie ; i.c., in some the gills persist, in others they fall oflT after the larval 
shjgo. 

Vacuole (vacuaa, empty), an empty space in the sarccKlc of Ithizopoda and 
In/uaoria. 

Vas deferens, “the vessel which carries oil*'’ tho seminal fluid, the duct of the 
testis. 

Ventricle (venfriculua, dim. of renter, the belly), any hollow space, specially 
applietl (as early as Cicero, who has “ ventriculus cordis'*) to the muscular 
chamber of the heart which pumps blood out of that organ. 

Vermes (fr. verUt, to turn), worms, a name w’hich with Linnmus included Insecta, 
Mollusca, Testoouu, Zoophyta, and Infusoria. It is sometimes applied to 
Annuloida generally, but is liettcr restricted to Scolecida. 

Vertebra {verto, to turn), a joint, specially applied to those of the spinal column, 
and theuoe transferred to the small bones of which it is composed. Hence 
the term Verlebrata, since all animals belonging to this division have a more 
or loss developed spinal column. 

Vesicle (dim. of veaica, a bladder), applied to any sac, but specially to the 
umbilical vetiele and the veaiculm aeminadea. 

Vibrio (vtbro, to quiver, or vibrate), applied to minute vegetable organisms which 
are capable of independent movement. 

Villus (a tuft of hair) specially applied to the vascular processes of the chorion, 
which when fully develop^ form the foetal plac^enta. 

ViTELLUs (the yolk of an egg), present in all forms of ova. The vitelline membrane 
which surrounds it is otherwise called the yolk sac. 

Vombb (a ploughshare), applied to the bone i^hich helps to form the anterior ter- 
miimtion of the onmial axis and the eeptum narium, from its shape in Man. 
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With Experiments. By CHARLES L. Bloxam, 1‘rofessor of Chemistry in 
Kind’s College, London ; Professor of Chemistry in the Department for 
Artillery Studies, Woolwich. Second Edition. With 295 Engravings on 
Wood ...... 8vo, 168. 

It has been the author’s endeavour to produce a Treatise on Chemistry sulhciently 
comprehensive for those studying the science as a branch of general education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for the more advanced 
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** Professor Bloxam has given us a most is astonishing how much information he often 
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By the same Author 

LABORATORY TEACHING: Or, Progressive Exercises in 
Practical Chemistry, with Analytical Tables. Third Edition. With 89 
Engravings ..... Crown 8vo, 5s. 6d, 

This work is intended for use in the chemical laboratory by those who arc com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly aj^aratus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the instruction of laige 
classes. The method of instmetion hor followed hu been adopted by the author, 
after twenty-three years’ experience as a teacher in the laboratory. 
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A new feature is an Appendix giving the doses of the chief chemical preparations 
of ^e **Materia Medica.” 

* * The new notation and nomenclature are book, and a close revision of the whole. ” — ' 
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PRACTICAL CHEMISTRY, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Sixth Edition. With y8 
Engravings on Wood . . . Fcap 8vo, 6s. 6d. 

The intention of this work is to furnish to the beginner a text-book of the prac- 
tical minutiee of the laboratory. The various processes employed in analysis, or which 
have been devised for the illustration of the principles of the science, are explained in lan- 
guage aa simple as possible. This edition has been embellished with a large number of 
additional wood engravings from sketches made in the laboratory. 
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[Crown 8vo, 7s. 6d. 

*** This work is an Elementary Treatise specially adapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 
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in general complete ." — Chetnical Navs, — British Mai teal Journal, 


T. Griffiths 
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to Liquids, Solids, and Gases. By Francis Suiton, F.C.S., Norwich. 
Third Edition. With Engravings . . 8vo. In the Press 

**♦ This work is adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 
the Valuation of Substances used in Commerce, Agriculture, and the Arts. 

<*Mr. Sutton has rendered an essential service by the compilation of his work.”— 
Chemical News. 
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mistry in the Royal School of Mines and Science Training Schools, 
S011& Kensington. With 82 Engravings .... 8vo, 6s. 6d. 
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With 19 Engravings 8vo, 7s. 
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/?. Wagner and W, Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 
Rudolf WagNIR, Ph.D,, Professor of Chemical Technology at the 
University of Wurtzburg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by William Crookes, F.R.S. 

[8vo, 2SS 

*** The design of this work is to show the application of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — 1. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and CaVioo Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 


**Fu\l and exact in its information on 
almost every point.” — En^neer, 

“ This book will permanently take its 
place among our manuals.” — Nature. 


** Mr. Crookes deserves praise, not only 
for the excellence of his translation, but 
also for the original matter he has added.” 
— American Journal of Science and Arts. 


C. D, F. Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 

TABLE KINGDOM. By Charles D. F. Phil^.ips, M.D. 8vo, 15s. 

” It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any jurevicus English text-book of Materia Practitioner, 
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A MANUAL OF MATERIA MEDICA By J. FORBKS 
Roylb, M.D., F.RS., and F. W. Hsadlamix M.D., F.LS. Fi^ £^doii> 
witk Engravings on Wood . . • . ^ . Fcap 8vO| tas. 6d. 

**Thi8 Mannil iiytooiirinin^ tmrivallod I and completeness of 
in any language for condensation, accuracy, J Medical Jmmal. 


J, C, Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lond., Lecturer on Materia Medica at the Middlesex 
Hospital ..... Fcap 8vo, 6s. 6d. 
*“ Students can hardly hope for a more serviceable text-book.” — Practitioner. 


Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 

PEUTICS. By Adolphe Wahltuch, M.D. . . . 8vo, 153. 

*** The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts : (I) The 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics; (4) Form and Doses; (5) Preparations; (6) Prescriptions. 
Other matter elucidatory of the Pharmacopoeia is added to the work. 

“ A very handy book.” — Lancet. 


R. V. Tuson 

COOLEY'S CYCLOPiEDIA OF PRACTICAL 
RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised and partly Rewritten by 
Professor RICHARD V. TusoN, F.C.S., assisted by several Scientific 
Contributors ..... 8vo, 288. 

“ A much improved edition. ... of articles in common use as food and 
Lon? recoirnis^ as a general book of re- medicine .” — Pall Mall Gazette. 
ference. 7 V/w^. ‘ ‘ Other of the articU s, as on * brewing, ’ 

“The book is of considerable value for ‘bread/ etc., are specim^ of what cyclo- 
household use, as well as professional pur- pwdic writing should be, being coi^m and 
poses, for it contains a quantity of interest- thoroughly ex^ustive of the pr^ical por- 

mg information relating to the compoaitiion tion of the subject.”— Vderinarian, 
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THE ORGANIC MATERIA MEDICA OF THE BRITISH 
PHARMACOPOEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of Ae Remedies contained in the Indian and United 
States Pharmacopoeias. By W. Southall, F.L.S. . Post 8vo, 2s. 6d. 


J. B. Smith 

PHARMACEUTICAL GUIDE TO THE FIRST ANli. 
SECOND EXAMINATIONS. By John Barker Smith. Second 
Edition Crown 8vo, 6s. 6d. 

FIRST AND SFCOND EXAMINATIONS 

Latin Grammar-Fractions — Metric System — Materia Medica — Botany 
— Pharmacy— Chemistry— PRE scRirTioNS. • 


John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 

Steggall, M.D. Third Edition i8mo, 3s. 6d. 

contents 

Notes on the British Pharroacopceia, the ! Thermometers. 

Substances arranged alphabetically. j Specific Gravity. 

Table of Preparations, contauiing Opium, Weights and Measures. 

Antimony, Mercury, and Arsenic. Questions on Pharmaceutical Chemistry 

Classification of Plants. and Materia Medica. 


Peter Squire 

COMPANION TO THE BRITISH PHARMACOPOEIA. 

With Practical Hints on Prescribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Pharmaceutical Society. 
Tenth Edition ......... 8vo, xos. 6d. 


By the same Author 

PHARMACOPOEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s. 

*4,^ Mr. Squire has collected all the Formnlce used in twenty-two of the principal 
Hospitals of London, and arranged them in groups of mixtures, gargles, &c., &o. Th^ 
Formulre were revised and approved by the medical stafif of each of the HosiatAls, and 
may therefore be taken as an excellent guide to the medical practitioneT, both as to dose 
tad best menstruum in prescribing. 
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THE PRESCRIBER’S ANALYSIS OF THE BRITISH 
PHARMACOPCEIA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Inhrmlbpy Medical School. Third 
Edition, Revised and Enlarged .... Royal 32010, 3s. 6d. 


THE PRESCRIBER’S PHARMACQPCEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A PRAC*risiNG Physician. Fifth I'Miiion. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap .ind clastic band, 3s. 6d. 


J onaihan IWdra 

SEJ-,ECTA E PR.<ESCRIPTIS : Containing Lists of the Terms, 

Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes; the Grammatical Construction of Prescriptions; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
strating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jona'I'HAN 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 


Henry Jicasley 

THE POCKET FORMULARY AND SYNOPSIS 

OF THE BRITISH AND FOREIGI^ PHARMACOPfPBAS : Compris- 


ing Standard and approved FormuUu for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[iBmo, Cs. 


By the same Author 

THE DRUGGIST'S GENERAL RECEIPT-BOOK: 

Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists’ Nostrums, 
&c. ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments ; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition .... i8mo, 6s. 


Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,000 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. Fourth Edition . . . i8mo, 6s. 

“Mr. Beasley’s ‘Pocket Formulary,’ reference admirably suited for the dispem* 
‘ Druggist’s Receipt-Book,’ and ‘ Book of ing desk.”— CAmw/ and Druggist, 
Prescriptions’ form a compact library of 
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F. H, Lescher 

AN INTRODUCTION to the ELEMENTS of PHARMACY. 

By F. Harwood Lescher. Fourth Edition . 8vo, 7s. 6d. 

Sec. I. Materia Medici/# Cbamcterifitics of Drags ; Geographical Sovrces ; Detec- 
tion of ^rious Speciinens. 

II. Botany : sketch of Organs, with their Fmtctions ; Groupings of the 
Characteristics; Natnnd Orders. 

HI. Chemistry : Outline of Physics ; Simple Primary Analy^ ; Detection of 
Adulterations ; Poisons — ^Tests and Antidotes ; ' Organic and Inorganic 
Chemicals. 

IV. Pharmacy : Pharmacopoeia j Preparations ; Active Ingredients. 

V. Prescriptions : The Latin Language ; Examples, with Errors and Unusual 
Doses j Tables of Doses. 

VI, Practical Dispensing ; Groupings of Strengths of Solutions ; EmuLions ; 
Pills, &c. ; Changes in Mixtures. 


S. Proctor 

LECTURES ON PRACTICAL PHARMAIcY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tync. With 43 Wood Engravings . 8vo, 12s. 

contents 

Drying —Comminution— Solution — Crystallisation — Precipitation — Diffusion in Liquids, 
Dialysis, Osmosis, Sic. — Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation —Official Pharmacy — Ofhcial Liquors or Solu- 
tions —Official Infusions and Decoctions — Extracts— Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes— Dispensing — Reading Autograph Prescriptions — Pills — Powders, 
Oin^ents, Plasters, Suppositories, &c. — Qualitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia— Pharmacy of Special Drugs. 

A good specimen of a treatise on Chemistry as applied to a special art.*' — Chemical 
News, 




U illiam Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 

Syiftptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition Sheet, 2s> ; RoUer, 5s. 


G. C. Wittstehi 

PRACTICAL PHARMACEUTICAL CHEMISTRY : An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. G. C. WiTTSTEiN. Translated from the Second German 

Edition by Stephen Darby i8mo, 6s. 

** It would be impossible too strongly to recommend this work to the beginner, for the 
oompletenest of its explanations, by following which he will become wdl grounded 
in practical chemistry." — From the Introduction by Dr. Buckner. 
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THE DRUGGIST’S STOCK AND PRICE BOOK. 

Comprising the Drugs, Sundries, and Proprietary Articles in general use, 
^ with Ruled Columns for Stock-taking Purposes^nd for recording the Cost 
and Retail Price of every Article kept in Stock. Arranged by Frazer 
and Green, Pharmaceutical Chemists to the Queen, Gla^ow. 8vo, 31. 6d« 

THE PHARMACEUTICAL JOURNAL AND TRANSAC- 

TIONS. Published weekly ....... Price 4d. 


THE YEAR-BOOK OF PHARMACY: Containing the 
Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
•ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formula 
published throughout the world. Published annually. 

[8vo, 1870, '71, ’72, 7s. 6d. each ; 1873, los. 


R, V Tuson 

A PHARMACOPOEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. TusON, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition 7s. 6d. 

** Not only practitioners and students of M'ant in veterinary literature .” — Chemist 
veterinary medicine, but chemists and and Druggist, 
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Robert Bentley 

A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King’s College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Wood Engravings. 

[Crown 8 VO, 14s. 

“As the standard manual of botany its position is undisputed .”— and 
Druggist. 
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AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T. H. 
Waller, B.A., B. Sc., and H. R. Procter, F.CS. With Engravings. 

[8vo, 12s. 
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THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, I^D., F.R.S. Fifth Edition, with more than 500 Wood 
Engravings Crown 8vo. Just ready. 

*** The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 


J. H, Martin 

A MANUAL OF MICROSCOPIC MOUNTING; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of “ Microscopic Objects.” With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

The idm of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 


THE QUARTERLY JOURNAL OF MICROSCOPICAL 
SCIENCE. (Established in 1852.) Edited by Dr. J. F. Pavne, Assistant- 
Physician at St, Thomas’s Hospital ; Mr. E. Rav Lankester, Fellow of 
Exeter College, Oxford ; and W. T. Thiselton Dyer, Professor of Botany 
to the Royal Horticultural Society. 

[Annual Subscription, i6s. ; Single Numbers, 4s. 

*** The Memoirs are, when needful, illustrated by Lithographic Plates, many of which 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 


J, Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 

of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
J. FayrEr, M.D., C.S.I., Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 
Coloured) Folio, 7/. 7s. 


W, Whatley 

THE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Popular Description. By W. Whalley, 
M.R*CS. With 40 Engravings . . . Fcap 8vo, 3s. 
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A, Chauvcdu atid G, Flctniti^ 


CHAUVEAU S COMPARATIVE ANATOMY OF THF 

DOMESTICATED ANIMALS. Translated the Second French 
Edition and Edited by George Fleming, F.R.G.S., Veterinary Surecon. 
Royal Engineers ; Author of “Travels on Horseback in Mantchu Tartary ” 
“Horse-shoes and Horse-shoeing,” “Animal Plagues,” etc. With 450 
Engravings on Wood .... Svo, /;nis. 6d. 


“ Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of tlie best and most com- 
prehensive of Continental text-books, enriched with additions which jirovc liim l<. liavc 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manner in which 

Mr. Fleming has performed his ^QxVr—Medko-Chintrsical Revicio. 


T. H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings [Fcap 8 vo, 1 28. 


By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings 8 vo, 6 s. 


W. M, Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 

a Course of Lectures delivered at St. Thomas’s Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School Crown 8vo, 5s. 

“Compact, lucid, and well arranged. I We have gone through it carefully,, and 

These Notes will, if well used, be valuable | wo are thoroughly saiislied with the maiincr 
to learners, perhaps still more so to in which the author has discharged his task." 
teachers.” — Nature. | — l*op. Science Review. 


John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A, Lond. With 
numerous Engravings Fcap 8vo, 5s. 6d. 


VESTIGES of the NATURAL HISTORY OF CREATION.* 
With 100 Engravings on Wood- Eleventh Edition . Post 8vo, 71. 6d. 
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\J, Reay Greene 

TABLES OF ZOOLOGY : indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others^ By J. Reay Greene, M.D., Professor of Natural 
History in the Queen’s University in Ireland. Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished . .12s. 6d. 

These Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficulties which arise from the various opinions 
held by differect zoologists. 

Andrew Wilson 

THE STUDENT’S GUIDE TO ZOOLOGY: 

A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of Elements of Zoology,’’ and Lecturer on Zoology, Edinburgh. 

With Engravings Fcap 8vo, 6s? 6d. 

*‘.It is alike lucid and well arranged .”— Times and Gaz. 

“ Really a good book, well and clearly written.” — Rdin. Med. Jour. 

“ A trustworthy guide.” — Lancet. 

“The illustrations are clear, and the whole work is elegant and compact.”— 

Chir, Rni. 


R. Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Rouley 
Dunglison, M.D. New Edition, thoroughly Revised by Richard J. 
Dunglison, M.D. . . . Royal 8vo (1,130 pp.), 28s. 

*** The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority . 

R. G. Maytie and J. Mayne 

MEDICAL VOCABULARY : an Explanation of all Names, 
Synonyms, Terms, and Phrases used in Medicine and the Relative 
Branches of Medical Science, giving their correct Derivation, Meaning, 
Application, and Pronunciation. Intended specially as a Book of Reference 
for the Young Student. Fourth Edition . . . Fcap Svo, 8s. 6d. 

** We have referred to this workbundreds Botanical, and Pharmaceutical Terms are 

of tim^ and have always obtiunra the in- to be found on almost every page.” — 
formation we required . . • Chemical, Chemist and Druggist. 
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Cr. Dawson 

A MANUAL OF PHOTOGRAPHY. By Georce 

Dawson, M.A., Ph.D., Lecturer on Photography in King’s College, London. 
Eighth Edition, with Engravings % Fcap 8vo, 51. 6d, 

“The new edition of this excellent many new methods and materials which 
manual, which is founded on and incorpo- are so freauently being introduced, make it 
rates as much of Hardwich’s * Photographic essential tnat any book professing to keep 
Chemistry’ as is valuable in the present up to the times must be frequently revised, 
further advanced stage of the art, retains and Dr. Dawson has in this work presented 
its position as the best work on the subject the subject in its most advanced jmsilion.” 
for amateurs, as well as professionals. The —Nature^ May 29, 1873. 

Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, Revised and Enlarged, with numerous 

Engravings Crown 8vo, 6s. 6d. 

***• Amongst the Contents are the Practical Treatment of Portraits— Croups in the 
Studio— Landscapes — Groups in Open Air — Instantaneous Pictures — Animals— Archilec* 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the laat luvenlions 
and Improvements in Lenses, Apparatus, &c. 

“ In these days, when nearly every inteb desire to enter on this p.ith, Mr. L.VKR 
ligent person can, after a few week.s, master Prick, in the volume before us, proves 
the manipulatory details of our art-science, himself to be ‘ a guide, philosopher, and 
attention to the artistic treatment of sub- friend.’”— TV/r lintish Journal of P/tolo- 
jects is a matter for the serious considera- graphy. 
lion of the Photographer ; and to those who 


C. Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Ur. Golding T^ird. Sixth Edition, with 700 Engravings on Wood. 

[Fcap 8vo, I2S. 6d. 


cr»NrF,Nis 


I, Elementary Laws and Properties of Matter : Internal or Molecular Forces— 
2, Properties of Masses of Matter : External I'orces — 3, Statics— 4, The Hechanical 
Powers, or Simple Machines — 5, I’rinciples of Mechanism — 6, Dynamics — 7, Hydro- 
statics — 8, Hydrodynamics— 9, Pneumaiics— 10, Acouslicr, — 11, Magnctinm; Diamag- 
netism— 12, Franklinic Electricity — 13, Voltaic Eleclriciiy— 14, Electro-Dynamics — 
15, Electro-Telegraphy — 16, Thermo-Electricity — 17. Organic Electricity-- 18, Catop- 
trics and Dioptrics— 19, Chromatics — 20, Optical Instruments ~ 21, Polarised Light— 
22, Chemical Action of Light ; Photography — 23, Thormics — 24, Radiant Heat. 


G. r. Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy’s Ho.spital, by G. F. Rodwkll, F.R.A.S., 
Science Master in Marlborough College. With 48 Wood Engravings. 

[Fcap 8 VO, 5s. 

** As an introductory text-book for this the derivations of scientific terras.”— 
Examination [the Preliminary Scientific Nature, 

(M.B.) of the University of Londonl, it is “ A well-arranged and carefully -written 
quite the best one we have seen . . The condensation ol the leading facts and prin- 

Notes* chiefly consist of lucid and con- ciples of the chief elements of Natural 

cite definitions, and everywhere bristle with Philosophy .” — Chemical News, 
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The following Catalogues issued by Messrs Churchill 
will be for^rded post free on application: 

1. Messrs ChtirchilVs General List of nearly 600 works ott 

Medicine^ Surgery ^ Midwifery, Materia Medica, Hygiene, 
Anatomy, Physiology, Chemistry, &c., &c., with a complete 
Index to their Titles for easy reference. N.B. This List 
includes Nos. 2 and 3. 

2. Selection from Messrs Churchills General List, eomprising 

all reeent works published by them on the Art and Science 
of Medicine. 

3. A Selected and Descriptive List of Messrs Churchills works 

on Chemistry, Pharmacy, Botany, Photography, and other 
branches of Science. 

4. Messrs Churchills Rcd-Lcitcr List, giving the Titles of 

forthcoming New Works and Neiv Editions. 

[Published every October.] 

5. The Medical Intelligencer, an Annual List of Nexv Works 

and Nezv Editions published by Messrs J. & A. Churchill, 
together with Particulars of the Periodicals issued from 
their House. 

[Sent at the commencement of each year to every Medical Practitioner in 
the United Kingdom -whoBe name and address can be ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 


Messrs CHURCHILL have a special arrangement with Messrs 
LINDSAY & BLAKISTON, OF Philadelphia, in accordance with 
which that Firm acts as their Agents for the United States of America, 
either keeping in Stock most of Messrs Churchill’s Books, or reprinting 
them on Terms advantageous to Authors. Many of the Works in this 
Catalogue may therefore be easily obtained in America. 


JH'Ccwm iSr* Co., Printers, Great WindmiU Street, Haytnarkei. 










